AND 
Pro edlen of of the Sprens 5 in Plano. 
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To which i is ſubjoin' d, 


An APPENDIX 


Applying the DocTrINE of 


PLAIN TRIANGLES 
To the Taking of 
HrrGnts and DisTANCES; 
AND 
Plain and Mercator's SA ILING: 
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/PREFACE. 


READER, 


Had neither troubled 
2 Preface, if Thad 
Irene I aol thought what fol- þ 
— los worth your no 
f . tceng. | 
In the Doctrine of the Sphere 1 
{hive only illuſtrated, not demonſtra- — | 
ed the Increaſe of the Days; be | 
at defires a Geometric Demonſtra- 
| | d Ce Ion 


—— —— cs — 
re en 


E 
K 
KS 
3D 
q 


3 The Pre. 
ion of it, may read Theodoſius o 

| Spberics, ic End 

In 15 Calculation of 1 15 Problems 
of the Sphere, I generally. (for Hre- 
vt ſake). call the Arch 6 "the 
Equator, intercepted bet mixt ibe nea- 
| rel Eq 
ridlian paſſing through the Sun «Place, 
F the right Aſcenſ lon, tho' it is never 
fo but ben the Sun ww in the fiſt 
Quadrant of the Eliptic; : but it 18 
eaſily known when tt is ot Her wiſe by 


"I, 2, Pr. 19 


nu Point, and the Me- 


Probl. III. 
The ſame way at Problem R. 


J call the Angle Pz S the Longi- 


inde, 


: Loneitude t leſs than go*; but mall 
Caſes t hat Avgle known, the Long! 72 


which bot be but when the 


tude is eaſily ſound, 27 the 3d Probl. 


7s Japaently under flood. | 


low ſo Is Pr ape he 1 Sh 8 
premiſed, that I thought it ſuper- 
fluous to add any further D 


Non. | 
T could bri ing the common Huſh 


for appearing in Print, viz. the eare. 


Inter eat y of Prie nds ; „ but T 
r it weak in an * Mun both to 
croſs his own Iuclinations and to 
plague the reſt of Mankind with a 
Tate of a new Piece, merely out of 
1 omplaiſance to a Friend or Io. 
I'm confident the Reader will not. 


ſauſpect me of Vanity, when 1 tell 


bim 1 Dave advanced 2 hat 0 
NEW. 


I ve here laid down the Method F 


| for ordinary, uſe in Teaching, I was 
obliged to af nk 1 Jer tbe Eaſe and 


a 2 T Satig- 


i b 
. 5, 00 , 


\ 


iv Ihe Preface. 
Satis ſaction of ſuch Gentlemen as 
were pleas'd to attend my Leſſons, | 
who found themſelves much at a Loſs | 
by incorrect Copies they got of it in 
writ, Ibis was the only Argument | 
prevail ¶ with me to print, and tis 

the only Excuſe I bring for it. 
%% oe main 


x 


LC 


To the Book-Binder. 1 
l Flace Flu. at-: Page 

| | J oo END 

Fo 41 
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„„ 
129 


; l 
| I 
1 
I 
( % 
I 
I 
1 
[ 
; 


| 135 
7 


See 
875 
5 
1 
(| 
l 
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P. 
P. 11 
P. 
P 


Corrigenda. 


Age 32 Lice ult. for AE C read ACB. 
P. 40 i, J. AD r. 4d. 
L. 1, f. Ad r. ad. 

in Citation, f. 14. e. I. r. TORS 

L.6. f. tB C. r. BC. 

52. among Tots at Caſe 4. put 56. 

89. L. 2. f. Gh that time, r. Gh x that time. 
4. L. «lt. f. Co-Longitude, r. Long. 

L. 14. f. F Cr. Fc. 5 
L. II. F. pam. tp m. 7. spam. pm, | 


P. 41 
P. 48 
P. 49. 1 

2 


11 
1 
3 


15 
42. 


—— Ae RR wg 


4 5 * 
ated ng ey 
7 =. 
Wis, 


e 


8 5 Sins: 


mo Thirds. 
+ More or to = added. 


de. - 
VS Verſed Sine. 
T, t Tangent. | 
or cot. Co-Tangent. 
AF. aff. as LC. AE E affected as the 
Angle C. . 
Geometrical Proportion. 
: Arithmetical Proportion. 


Degrees, as 90 is 90 Degrees. 
Minutes. „Seconds. 
Fourths, Sc. 


— Leſs or to be ſubſtracted. 


Equal to. 5 
Greater than. = Leſs than. 


x Multiplied into. 


Difference when it 1s uncertain which 


is greater. 


V” The Square Root of. 3 
Tri- 


= Geometrical Proportion continued. 
= Arithmetical Proportion continued. 


75 gonomeir). 


E 
Of the Conſtruction of Tables of natu- 


ral Sines, Tangents and Secants. 


Definitions. Fig. 1. 
JN Arch is any Part of the 


Ne Periphery of a Circle, as 
AB. 

II. A Degree is the 360" 
Part of the Periphery ; hence a Semicircle 
contains 180 and a Quadrant go". 


III. A Minute is the 60 Part of a 


Degree, and a Second the 60" Part of a 


Minute; and ſo on, in Thirds and 


Fourths, c. 

N. B. Arches are the Meaſure of Angles, ſo ax is 
the Meaſure of the Angle at the Center aoB. i. e. If 
AB be an Arch of 359% Ao8B is ſaid to be an Angle of 
350. Hence, The Sine, Tangent, or Secant of any 


Arch, may be called the Sine, Tangent, or Secant 
of the Angle whoſe Meaſure that Arch is. 


44 "Rome 


g 


- E 2 Part I. 


IV. The Chord or Subtenſe of any þ 
Ar: ch, is a right Line joining the Extre: | 
— of that Arch. 


- Complement of any Arch is | 


ſo _—_ as it wants of go?. 


VI. The right Sine of any Arch i is | 


Half the Chord of double that Arch. - 


So Ap A is the right Sine of AB. 


Or the right Sine is a Line dran from 


one Extremity of the Arch, perpendi- f 


cular to a Diameter that paſſes through 
the other Extremity of that Arch, ſo A b 


HB» | 
VN. B. As every Chonl ac ſubtends Two ad 
AH c, ABC, the one greater, the other leſs than a 


Semicircle; ſo every Sine a p ſubtends Two Arches, | 


AGH, AB, the one greater, the other leſs than a Qua- 


drant; and theſe Arches aGH, ABare Complements | 
of each other to a Semicirle. 


VII. Verſedoine is fo much of the 
Diameter as is intercepted between the 
right Sine and the Periphery; ſo DB is 
the veried Sine of the Arch as, and oH 
is the verſed Sine of the Arch AH. 
VIII. The Co- Sine is the Sine of the 
i Complement; ſo Ar is the Co-Sine of 

: An, for it is the Sine of its Complement! 


N. B. In 


I Part I. Tyigonometry. * 
i N. B. In the Parallelogram vr the Side Do = av 
the Co-Sine of A;. Hence, | 
The Co- Sine of any Arch is ſo much of the Radius 
„as lies betwixt the Center and the right Sine of that 
Arch. | 
- IX. The Mole- Sine, or Sine of 90? 
is the Radius of the Circle; o Go is che 

7 Sine of the Quadrant G5. 

3 X. The Taxgext is a Line touching 
the Circle at one Extremity of the Arch, 
and continued till it meet another Line 
paſſing through the Center and other 
Extremity of that Arch; 0 BE 15 the 
Tangent of A B. 

XI. The Secant is that right Line o 
hes Which limits the Tangent ns. | 
nal XII. Co-Tangent and Co-Secant are the 
J Tangent and Secant of tne Complement, | 
nts aS GL, OL. | 
XIII. Tables af noma Sines, Tan- 
gents and Secants are numeral Tables, 
"cy expreſſing the natural Sines, Tangents 
and Secants of the ſeveral Arches, trom 
one Minute to go? in Parts; of which 
Parts the Radius contains a certain 
Number taken at Pleaſure, ſuppoſe 
|| 10000000; ſo if the Radius Go be ſup- 
8 AS © _ poſed 


4 Trigonometry, Part I. 
poſed to be divided into 10000000 equal 
Parts, Ap the Sine of An (= 35˙%0 ſhall } 


contain 5735764 of theſe Parts. 


Propoſſtim I. Fig. 2. 
ben > the Sine of any Arch oc, 3 


ſought Ap its Co- ſine. 


. ee. In the right angled Triangle 
> Def-S. DEB; BD q—DE q*=BEqg? =] 


aD. QE. E. - 
Cor. Hence, 3 C- EEC Dc. 


Prop. II. Pig. 2. 


Iven the Sine of any Arch, to find 


Arch. 


247.e-1. SD DEA TEC DNA 
We So 3. T b ” 

24. Given pr, fought dx. The Tri- 
angles DEC, BFC are ſimular, for L* c 
*d.6, is common, and DEC, BECC are 


4. e. 6. right; therefore, B C. 5 Fd:; Dc. | 
p E, that i, R. ©;;25 DH. Q E. F 


Prop. 


the Sine of Half or Double that 


17. Given opc, ſought. o f= 


Pe 


has L 


' © « is known; ſo B D. Br: 


Trigonometrꝛ. 5 
Prop. III. Fig. 2. 
Iven « 1, DE the Sines of 2 Arches 
K p, DC; ought x M, the Sine 


ol their Sum K c. 
Compleat the Parallelogram PIN My 


the Triangles g DE, BIN, B OM, OI K, 


o, K1P are all ſimular; therefore 


B DB. DH :: Bl. 1N == 8. an 
4. e. 6, 
B D. 3 EA, KI. E 
Prop. IV. Fig. 2. 


7 * K M, D E the Sines of 2 Arches, 


ſought K 1 the Sine of their Dit. 


ference. 


BE. D E' : BM, O M and o given, 


20 K. K 1. 
N. B. The Sines of leſſer Arches are (atleaſt Phyſi- 

eally) as their Arches ; for in the Beginning of a Qua- 

drant, the Sine and Arch“ being both per- , 


. pendicular to the Diameter, they muſt co- 


incide, and conſequently their Ratio's are equal. 


Re” Prep. VL. Fig. 3. 
He Difference of the Sines of 2 


n W diſtant from 60* 
18 


5 Tricommetry,. Part I. _ = 
is equal to the Sine of the common Di- Pa 
ſtance. | | 
Make o E, cx the Sines of 2 Arches ; 
AD, Ac, which 2 Arches are equally | FF 
diſtant from 6 AB. DB Bd Is 
TY the common Diſtance, whoſe on 
e. Sine is 1 IC. Draw ce*|| the 
r E; ſo is DG DEC = the Dif- Arc 
ference of the Sines DE, Ce, I ay = 
that DG = DI Draw . diſt 
Theo ua, mic have the Le at are 
PL I* right, ioc and M 1 COMMON, | 0 | 
4. e. 1. therefore 1 M C IMDb : 
Hy e. 1. 3 K NC==30O", Therefore CMD= 
„ d=MDI=MC1, therefore 
2. e. 1. M 5 op But Þd G==M D 3 
*Cer.6. forin the e con the 
„„ Len right the L* GDC 
2 
26. e. 1. & M C and & c is common, there- 
fore of =GM= 5 De = be 
DI . 
Cor. Hence, if the Sines of Arches to 
60? are known, the reſt to go' are IF 


found by Addition only; for 43˙＋ 7 
600 TIE 1 mT: = ä 
Prop. pro 


3014 and 2 =piq. Q. E. D. 


Fart I Irigonometr 7. 7. 


Prop. VI. Fig. 3. 


| Ir 2 Arches are equally diſtant from 


30% the Square of the Sine of their 


common Diſtance is 5 of the Square of 


the Difference of the Sines of theſe 2 
Arches. 5 


Make the Arches N o, NC equally 


q diſtant from N = 30 whoſe Sines 


are LD, Pc, then is & c- the Difference 
of the Sines; I fay 514 = 1 C- 


For ſeeing v 1=D Gin the right angie | 


Triangle cap we have Dn, 1 
4 D im therefore G G ca = 40-20 
| "AX. 3. 


Cor. Hence, if the Sines to 30% are 
known, the reſt to 60? are eaſily found, 


oe REN 17 ="47% 
Prop. Vth. 
Ir any Quantity aec (—60) be di- 


vided by Two Quantities, ac = 
10 and ec = 15, the Diviſors and 


Quotes ſhall be reciprocal * 1 


* 


8 . Trigonometry. Part J. Pa 


ac. ec: Ws ac x Det x ae? We 

10. 15: 4. 1 ” IOXO=15X4 bo tha 

| Prop. VIII. 8 the 

1 agen Radius is equal to the Chord of 35! 
tf. 


«15.0.4, For *the Radius is the Side of | Pa 
aan Hexagon inſcrib'd in a Circle, 45 
and conſequently it ſubtends 5 of the Pe- fuc 
— or 360", = 609. 2 E a 
Prop. IX. 55 =» 
To conſtruct the Tables of Sines. ben 
Et the Radius be ſuppoſed to be di - 3, 
vided into any N abr of Parts, | 
8. ſuppoſe 10000000 (equal to it is 
>Def.6. a the Subtenſe of 600 the Half 
of that Subtenſe is the Sine of 20˙ = 
Joooooo. Again, Ge 58 
that Arch of 3o0* | ** + + + „ 
30 | 
1s I5, whoſe EE 
= — 7 46M 
by 24. Thus +1 7g 6 


= 0 „ .. 15 * 3 
Biſecting the „ ogo- 
Arches continu- | 7: 1:52.50: It 
ally, and finding | 14 0. % - 


AW wo 20) K 


J 
x1 


fore 1800 : ogy : 32 „44 


Part l. n y. 9 
we ſhall at the Twelfth Diviſion find 


that the Sines are as their Arches, 3. e. 
the laſt Sine is jult - the preceeding Sine 


as the laſt Arch is the preceeding Arch. 


Now dividing the Arch of 305 into 


Parts, whereof the Arch 52".44 $5 


171 


45 is one, the Quote or Number of | 


ſuch Parts contain'd in 30* is 2048. 


But the ſame Arch of 305 divided into 
Minutes gives 1800, where- _ 


1 777 * 


11% 


3 +45 Sine 52 44 


mi 77. 


A 45 Sine 1 


The Sine cf one Minute being given, 
that of 2 is known by 2d, that of 3 by 
d; as alſo that of 4, 5, 6, Fc. to 30, 
thence to 60* by 6”, and thence to go? 
Mu. | | 
as Table ef Sines being made, 
| the Tables of Targents and Secants are 
ealily conſtructed by the Two fol- 
lowing Propoſitions. | 


Prop. X. Fig. 4. 
He Co Sine of any Arch AB is to 


ns Sine as the Radius to the Tan- 
. gent 


—_— * 4 


10 Trigonometry. 
gent of that Arch. 


"> WS C3} DA. Af. 


0p. — 


of any 


WED. 


 Trigonometry. | 
EAST IL 
of the Conſtrudlion 0, of Tables of Lo- 


Beritt ms. 


1. Ozarithms are od in keith 
metical Proportion, anſwering 

5 to other Numbers Geometrical- 
ly proportional, 80 o, I, 2, 3, 4, &c. — 

| = the 


Part II. 


"Tis plain, I 


Fig. 4. i 
7 He Radius is a Mean proportional 


bet wixt the Co-Sine and Secant 
Arch; for p. PA:: DB. Dr. 


1 I} j0.0000000þ 
4 the Geometrical Pr o- Io} [|I.0000000 
| IOO0O0] [3.0000000} 
E I 000, Sc. But that | 10000 [4.0000000 


- 
» 1 
© Vo , 
3 
— 
ol 
Fo. 


Bu | Logarithms of Gro} | Eropor. Arkh.) 


: the Logarithms of in- I0000C0] {5.0000000 
; termediate Numbers |£ 200000] 16. 000000 
(2, 3, 4, Cc.) may be found, we ſhall 
ſaffix to the ſeveral Logarithms a cer- 
tain Number of Cyphers(ſuppoſe Seven) 
then the Logarithm of 1 is 0.0000000, 
that of xo is 1.0000000, that of 100 is 


Trigonometr). 11 


2.0000000, &c. And then the Loga- 


7 rithms firſt placed (viz. o, 1, 2, &c,) may 


be called the Characteriſticks of the ſe- 


veral Logarithms. So 2 is the Chara- 


Qeriſtick of all the Logarithms berwixt 
that of 100 and that of 1000. 
II. Four Numbers are ſa id to be in 


Arithmetical Proportion, when the Dif- - 
ference of the 1*and 2* is equal to that 
of the 30 and 4 


So 3.5: 11 10 and 7. 4: 2215 12. 


1 Three Numbers are in continued 
Arithmetical Proportion, when the Dif. 
ference of the 1* and 2 is equal to that 


of the's' and 3*. _ 
„ 5 


4 
N ” 
* r R A . n 229 
* 5 8 2 13 A = 3 2 


— 


12 | Trigonometry. Part l. 1 
80 3.5. 7 and 8.5.25 and J 


1. 2. 2 


Prop. I. 8 
FF 4 Numbers be in Arithmetical Pro- c 
portion, the Sum of the Extremes js t] 
15 equal to that of the middle Terms. cori 


9. 1214 then is 9 + e 
[4 ie, 


© TT FS a OY 


Prop. II. 


I: N umbers are in Arithmetical Pro- 

portion, the Sum of the Extremes 
is double the middle Term. If 8. 13. 
18 * then is 8+ 18 213 26. 


Prop III. 


He Sum of the Logarithms of 2 en- 
tire Numbers is equal to the Lo- ſl 
garithms of their Product, when the 5 
Logarithm of Unity is o. Make the _ 
Numbers 100 and 1000, whoſe Loga- . 
rithms are 2 2 and 35 let the Logarithm is 


4 RS of ſp 


Part II. Trigonometry. : 13 


I. 

o. Jol their Product (100000) be x. then 
Hr. 100t 5 Io. I00000 » 8 
and o. 2: 3.x. There- 5 

fore, #3 3 =5=x © . 
ar 


o- Cor. Hence, Addition of Logarithms 
es is the ſame as Multiplication of their 
18. eee, N umbers. 


Prop. IV. 


T* Difference of the Logarithms of 
Two entire Numbers is equal to 


o. the Logarithm of their Quot, wm the 


ESD TEES IC. 1 Sm 1 
V 


es Logarithm of Unity iso _ 
Make the Numbers 100 and 100000, E 
| whoſe Logarithms are 2 and 55 and 
make the Logarithm of hike. a. 
Quot (1000) x. Then 1. a 
E * * 100. 100000, and t 1 — 
%. 
- Therefore 045 === Ty | 
E 5 and tranſpoſing 25 2 1 1 "0 
& — 2 2 3. 2. E. A = { 
Hence, Subtraction of Logarithms | 
1 |] is the ſame as Diviſion of their corre- | 


f ſpondent Numbers. "._. . ns 


14 Trigonometry, Part II. 


| Prop. V. | 4 
Tie Logarichm of any Number is 
the Logarithm of its Square, Ma! 


and + the Logarithm of its Cube, when ber 
the Logarithm of Unity is o. I. 


Make the Number 100, whoſe Lo- and 
garithm is 2, and make the Logarithm 2 N 
of its Square x, and of its Cubez. tion 
= 08. 77-20 > og Then o+x=2+2 =4 1.1002: & Cm: TCOCOCO 2 M 8 

) * 9 tric 


Prop. VI . mei 


To find a Mean Proportional Geo- phe 
metrical betwixt Two Numbers Log 
ven, The Square Root of their Pro- air 

Tae is the Mean, by 20 of Enclia's s 7th Fcau 
Book. | tha 


Prop vn. 1 


| To find a Mean Proportional Arith- || and 
metica] between - Nuinbers gi- an 
ven. Me 
alf their Sum- Is the Mean 
ſought. = Si Prop. 


a Prop. 2. | 


1 


n 
£ 


Fart II. 


Iphers 
Logarithmscon- | 
Ztain) and, be- 

cauſe c is lels | 


LY VIII. 
O find the 
Logarithm 
lor any Number. 
Make the Num- 
ber 9, becauſe it 
is between 1 (4) 


Jane 1005) find c 
a Mean propor- 


J cional Geome- 
*trical betwixt 


| A and 3 (aug- 
Imenting | 


by as many Cy- 


as their 


tha n q. ooooooo, 
find pa Mean 
proportional be- 
tween B and c, 
and between 3 


and p, another 
Mean E; and ſo 
| on 


Trigmometry. 


15 i 


each | 
8 9.305 7204 


Proportions. 
I.0000000 


3.1622777 
Il 0.0000000 


— 


I0.0000000 
5.6234132 
31622777 


— — 


1088802 


B IO. ooOOOOO 


E 7. 4089421 


B [10.0000000 


F 8.6596432 
E 7.49894 


— — 


B 10.0000000 


F | 8.6596432 


— — — — 


6 9.3057204 


3057204 
9. 1398170 
9768713 


00\O © 


D 5-6234132| 


OY —— —ꝛ— ——— —ä—ͤ , 


* 


9. 1398170 
90579777 
W 


r Oy: 


| 


— 


29.0579777 
9.0173333 


14 = 


SOREN 


Logarit. | 


o. OOO 
O. 500000 
I. ©000000 


—— 


| 


I. OOOOOOO | 
O. 7580000 5 
O. 5000000 


„ —_— — 
6 


I. 0000000 
0..8750000 
O. 7 500000 


—_——_— — 


I. OOOOOOO 


0. 9375000 
o. 8750000 


E l 


o. 9687 
lo. 9687500 


o. 9609375 


I . OOOOOOO 
O. 9687 For 


O. 9375000 


0. 95312500 
o. 937 


— 


0. 9609375 
O. 9531250 


O. 95703124 
o. 9531250 


O. 9570812 
0. 9550781 


0. 9531250 


K 


16 


Trigmnometry. 


Proportions. 


| 


9.0173333 


9. 007 2008 


8. 997096 


—— 
— ad _ 


9. 0072008 
g. 002138 
8. 9970796 


| =00| z>0| zoz| zzr| 


2 


1 


— 


9. 021388 
9. 0008737 
3. 9996085 
9.00087 37] | 
9. 0002412 
8. 9996088 
9. O00 2412 
8.9999 289 
8. . 5 0 


9. 021388 
8. 9996088 
8. 9970796 


— 


— — 


— 


— 


D 


+4 


9. 0002412 
9. COOO8ZI 
8. 9999250 
n 
9. 0000041 


ah fn 


9.0173333] 
8. 9970796 
8. 9768713 


Err 


_10. 9542388 


10-9543457 
O. 9541015 


„ | 


10.9542465 


Log arlt. | 


9. 9550781 
. 9541015 


O. 9550781 
O. 9545 898 
O. 9541015 


o. 9545898 


—— . 


o. 9543457 
O. 9542236 


— —— — — 


O. 9543457 
O. 9542846 
O. 9542236 


o. 9542846 
O. 9542541 


0. 9542388 
O. 9542236 


. 9542541 
O. 9542388 


— — — — | 


0. 9542465 


O. 9531250 


to 


— — — — 


aten 


. 9542230 


0. 9542541] 


O. 9542427 


to 6, 


and another I be. 


twixt q and h, 
betwixt which 1 
( becauſe it is 
* 
9.0000000) and 
H find a Mean x 
and fo on till at 
the aõth ti me you 


greater 


find 9.o000000 
(i. e. 9) whole 
Logarithm is ea- 
fily found. For as 


we found caGeo- 


metrick Mean 
betwixt A and n, 
| ſo 


Part Il, 
on, till you come 
which 
is greater tha 
 9,0000000. Then} 
between G and i 
(which x is next} 
9.0000000, off 
all theſe that * 
leſs than it) find 
another Mean My, 


Part Il: Trigmometry. : _ 
2 7 


men fo an Arithme- [Þ 
tick Mean be- — ¶Legarit 
twixt thei | 9.00000 — 
Wer their Lo- & .es % 
8² ms will be 8. 9999250 N 
the Logarithm of VETS 0.954218 
[ C ny | 9. COOOO £ "2 
3 Hs ſo at laſt 8: 999984; a 
"| ogarithm of X [8. 9999650l 0.9542 420 5 
9. oooοοο o will V. e — 
5 I | | I 
be found to be 6.99999 43J (o. 542452 
| In the ſame Mar I — 
ner are f n. % % 27 
the 1 ound J 8.5989925 8 427 
1 Logarithms 8. 9999943; ee 
olf Numbers be- |V [90000041] — 
< 41] lo.g5g. 
twixt I and 9,be- 5 90000016 .O 447 
100, Cc. But A — — 
the? Fa, oi. 5 9. 0000016] [0.9 3 
oearithms | Þ . SS 542425] 
of” IMs | & [8 4| [9.954242 
compound : DH 29999995 E | 
Numbers B — — 
more eaſi are C. Senf 
: eafilyſound & 8.337399; „ 
V Addieion hy 9e fo. 9542 5 
P py [on W 
2 I. B 9. ooc 2 
D 00004 JO. 
8 4 oo οοο .! oy 
= >. 90 x 4251 
99908 JO. 9542425] 


ä 
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N Prop. IX. | 
T find the Logarithm of an entire — 
Number that is greater than 
—ͤ , „„ q 
Make the Number 3567894, cut off 
from the right Hand ſo many Figures, 
as what Remains on the left may be 
found in the Tables, as here 894. 
To the Logarithm of 3567 add that Ti 
of 1000, ſo you have 6.552303 for the an 
Logarithm of 3567000, which being Be 
vet leis than the Logarithm of 3567894, | 
find 122 the Difference betwixt the Lo- 
garithm of 3568 and that of 3567; 
then ſay, If 100 give 122, what will ; 
894 give? The Anſwer 109 added 
to the Logarithm of 3567894 gives 
6.55 241 2, for the Logarithm of 3567894. ( 
MN. 5 Lagaritß. 
ine 3-552303 
T1000 | ___ 3.000000 
| 3567000 6.552303 
. EE 5 109 
3507594. © 6.552412 


=: .  Logarith. 
3568 ä 


P 3.552303 


100: 122: 894 — 
BE... =” 
F 3 - -," $786 
3 $288 - 
1 894 loo) road (109. 
Cor. Hence may be conſtructed the 
Tables of Logarithmick or Artificial Sines, 


o ER PN 
5 3 ww 3 25 


gents and Secants. 


Trigonometry. 
PA RT Hl 
of the Solution of plain Triangles. 


——— 


200, 0: WS . SCP 


of the 0 oſite Angles. 
= 2 a About 


Part III. Trigonometr ). 19 


and by it the Tables of artificial Tan- 1 


Prop. I. Fig. 5 6 7. 
1. any plain Triangle A nc, the 


Sides are proportional to the Sines 


20 Triconometry, Part III. 


About the 4” as C deſcribe 2. 
. e. 4. à Circle, from the Center o the * 
b 2. e. x, do the ſeveral Sides draw Per- the 
pendiculars, which ſhall bi- 3. 
3. e. 3- ſet the Sides at x,1,n, and then 
1 30. e. z. the Arches“ at 6, x, x, from fand 
the Center to the ſeveral An- Ang 
gles draw right Lines pa, ps, the! 
ne 3 =:is 6 the BE © 

As. Sine ot CZ” apc —=EL* aps 
20. E. . = A CB, AH = 4 Ch BB 
*3* the Sine of L. : IN 


4A 


im AC. 


A C. 2. FE. D. 


Prop. II. Fig. 8, 9, 10. Plate 2. 


I any right angled * ABC 
X angled at g, making any Side the 


Radius, the other Two Sides will be | 


Sines, Tangents and Secants. 

1. Make c the Radius, 
then is A B the Tangent, and 
def. 11. AC the Secant of theAngle c. 


Ade. 10. 


2. If 


7 
— L* apc. And 
jt is plain, that AB. Ach: 


right 


Part III. Trigonometr). 21 
2. If as be the Radius, then is cs 
the * Tangent, and AC the Secant of 
the Angle A. | 
3. If ca be the Radius, 
then is AB the * right Sine, 4. 6. 
and cs the © Co. Sine of the « x.z.28; 
Angle c, conſequently 8 

4 the right Sine of the An A. 


Prop. III. 89 11. 


JN any Triangle A cs, as the Sum 
of the Sides is to the Difference of 
the Sides, ſo is the Tangent of : the 
Sum of the oppoſite Angles to the T an- 
gent of ; their Difference, A. 
ICB A:: TZATA CB. TTA -A CB. 
Produce 4s to 1 making'B H=B ©; 
cut off 31 — A B, ſo is A E the Sum and 
I the Difference of the Sides. 
Join E, draw BE*L CH, 12. e. r. 


that BE. ſhall biſeQ* C H, and vc. e.3. 


the Angle C BH, ſo is CBE 8. e. I. 
C H the Sum of the « 32. « x3 
Angles A+ACB, draw *BD 3 e. 1. 
and 1G each Ac, then is 


bun 


22 


£ 29, e. I 


s Conſtr. 


* F. e. I 
34. e. I, 


2. e. 6. 


| . . 


the L" h —=BHF; there. 
fore HBF = CBD AC} 
| conſequently DBF=DB H—} 


rence of the Angles: And 
"cauſe BD=BF, BE biſe&s| 


Difference of the Angles — 
A—ACB ; 


AB = 1; therefore c D" 
DG%= i r, and, taking a 3. | 
Way rg, W which is common, 


Trignomerry. Part m 


DBH==A the greater Angle,» 
and O ο A the leſſet r th. 
Angle: Take Hr = b join : 
B F, in the 4* CBD, ur Fen 
oH, CD EF, and 0. 


* 


= 115 
Z Fence 
Viz, | 


HBF = AA CB the Diffe. 


pF, and the Angle fos x; 
therefore the L* DBE chef 


B E. 


Becauſe 105 |! DB||A cand| 252 ( 


DE 
| cut 


D 
DF—*G H,and conſequently wal 
| =G H =D F = D E. | 
On Bas a Center with the | A. 


„. IO. 


Radius B E deſcribe a Circle, all 


then is E Cc the Tangent of Ya > | 


_ L*cs x == the Sum, and Khe 


the Tangent of the men 
L*ozz 


nþ Part II. Trigonometry. — 


1 L“ DBE : the Difference | 
beans And A. 8 4 4. e. 6. 


Din 1 8 15. C08 
4. „ : 2H C. HG: 
aal 0. E D. Q . D. 


re. 3 8 5 5 
Prop. IV. Fig 3% 


5 
. N any plain Triangle A p x, the Baſe 
- o the Sum of the Sides as the 
id, Þ Di 0808 of the Sides to the Diffe- 
"| 3 Fence of the Segments of che Baſe, 
0 AB. Ap KDR. 4B DR A 
b E. i. e. A E. AC: AP. AI. 
Draw p I. AE; upon p 
d} as a Center with the Radius 


3 12.4 Hs | 
cutting the Baſe A E at 1, and the Side 
a b at p, produce A D till it meet the 
Feriphery at „ = | 
| Becauſe b bor, ,, 
ef. 15. | 
and 31 = BEB tis pla in A e. 1. 
hall be the Sum of the Sides 3. e. 3. 
\ » their Difference and aa 
the Difference of the Seg- 
ments of the Baſe, But 


o x the Leſſer Side deſcribe a Circle 


2 


Fig. 1 3, 14, 


IS. 


F. 


"2 Trignometry " 


437. e. 3. 
c 16. e. G. | 


D. 


In the following Propot- 1 


tions for the Solution of plain 


Triangles ; 4 


for right angled Triangles 3 
take the Triangle ABC, whole right 
Angle is B, and for oblique angled | 
Triangles, take the Two Triangles | 
DEF, IG K and let 1G K be divided 
into Two right angled Triangles byl 
the Perpendicular I Le 


Solution of right angled Triangles. 


Given. 


ia Hr, A. 
: 2. Lie A. Lie C. ABB C R.AB*:: 
e 33. 8 
R. AC CB R. AC:; 


ACB AC. K: 


Le A BA. Rb: 


1 


3 
i 
. 12 
8 8 
4 
A 
5 
\ | 
$ 
S 
7; 


BC. ©: 


A. BCI 


— — — —ü—ä—ä— n ůꝗ 2.) —ẽ— — 


Solarien of Oblique angled Triangles. 


Given. 
Lle D. Lle E. DE, 
D E. EF. Lie F 
DE. EF. Lie E 


GI. IK. Gk 


Sought. ſ | Proportions. | 
DE o:: F. DE 


TDT 
DeCIK GK. IK IH G* : 


.K L-LG 


e DE. F:: EF. D 3 
LD. P DEEP p! DE-EFe :: TDI 


IEIG 


10. RCL. GIL, cc. 


* 


Part III. 
AEXAI *—A CX A ,where.| 
fore AE. AC:: AP. ar 2} 


Sous hr. Proportions. | | p 


n. 
Ef: 
£5 
LY 
* 
| 2 
bp” 
a 
5 2 

L 
; 


7. Part III. Trigonometry, 25 
VM. B. 1. From all the Angles 
given? the Ratio's of the Sides 
may be found, but not the 
Sides themſelves. 5 
r- 2. In Caſe 6th it muſt be 
an known if the Angle ſought » 
les be greater or leſs than a right N. B. 4% 
ht Angle, for every Sine has two 6. 
ed Angles (the one greater the 
les other leſs than a Quadrant) and only 
ed one Angle being given, that ſought 
by may be either greater or leſs than a right 
Angle, and yet have the ſame Sine. 
3. One Angle given, the Sum of the 
other Two 1s its Complement to 1800. 
4. : the Sum the Difference of any 
TWO Quantities is — greater and + the 
sum — ; the Difference of any Two 
b Quantities i is = leſſer, 
X Makeathegreater,StheleſſerQuantiry. 
SUM — £4 þ 5b | 
Add Diff. = 74 LIT + 
Sum — 54 4b 
Subſtr. LDIE = ta —2 _. 
1 Sum + £ Diff. = a = the greater. 
Sum — Diff. — 6 — the leſſer. 
. " ä 
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* 
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: 0 n 
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Trigonometry. 
tiv. 


125 the Sol tion of Spheriqu Triangles 


Defonitions. 


AB. 


III. The Axis of che Sphere is 


A Be 


IV. The 


Globe or Sphere is a ſolid Bo- | 
dy, conceived to be gene. 
| 4 A rated by the Rotation of a 
Semicircle AEB about its Diameter 
FI. The Center of the Sphere is the bot 
fame with that of the generating Semi. 
circle p. ö 
Cor. Hence, all the right Lines dran 
from the Center to the Surface of the 
Sphere are equal as DE = 
or. 


-DC=DL F 


« the 


Diameter of the generating Semicircle | 


2 7 er g wm 
eee Dy ? 3 3 IRR 
ne a PIC EET WO VEE ROY RAW I Toner 3 ROI Ret © OE 
... . Ee Eat dt rg, . R 1 
. 8 5 2 C . 
0 . - Ah . TY 85 
r 


is 
z 

1 
be 


2 Pare W. Trigoometr N- FE 


IV. The Poles of the Sphere are the 


Extremities of its Axis A. B. 


V. A great Cirle on the Sphere is 


2? whoſe Plan paſſes through the Center of 
the Sphere. Hence, 


9 . 
* 


Cor. 1. All great Circles have the 


I ſame common Center, viz. that of the 
Sphere. 


Cor. 2. Every great Circle divides the 


4 Sphere into Two equal Segments or 
2 Hemi-Spheres, 


VI. The Axis of a great Circle is a 


right Line drawn through its Center 


rpendicular to its Plan, and termi- 


] nated by the Surface of the Sphere on 
both Sides. 


VII. The Poles of any Circle are the 


7 Extremities of its Axis. 
VIII. A Spherique Triangle is con- 
| tained under the Arches of Three great 


Cireles, as AEC. 

IX. A Spher ic Angle j is the Inclina- 
tion of the Peripheries of Two great 
Circles, and is the ſame with the In- 
clination of the Plans of theſe Circles, | 


Was LEA L EDC. 


9 X. Leſſer 


28 Ir gonometry. part IV. 


do not paſs through the Center of the 
Sphere: They have the ſame Poles and 
Axis with theſe of the great Circles to 
Which gs are parallel. 


Prop. * Fig. 16, 
SEN Circles EB, ACB biſect 
each other, 


For their common Seftion 


is a right Line As paſſing 
*Cor.def.z. through p the Center of both 


\ 


3.0.15 


Aa * to both. 2 ED. 


Pre oP. Il. Fig. I 6. 


from its Pole C. 
? Becauſe AD*=D C and 
b 0.0 5 oc Ap, therefore a c = 
990 go* and conſequently C B*© 


| e p90, The ſame way CE, 
CF are bs & E. D. 


Cor. The 


Circles, and "Wk "tis 1 


A Great Circle a 3 E Is go' diſtant 


X. Leſſer Circles are, whoſe Plans 


—— vo een 5 . en 8 hes 
BE} * q *Y 12 955 iz ; Tail. Xtra N . e 5 WF ol 8 
Ie ef ARE 3 1 EEO Et be FE T?! 

r 5 * 1 r r 

7 * we 2 a 3 ys et the OUS WER: Mts 


— ION . 
9 


2 3 ——__ . ad >, 4 o CALL 1 
X by — * 1 4 4 82 8 S 2 8 rn 2 " 
— — a r F 1 n Ps og Rs $f as oa ns S 
„ Re: > «vi Err Ee CARR 5 5d Erb Po Ee a OA ̃ EA dS DE So i EE 
IO IA, Pon TO Wen OR T0 88 3 $ . . 8 ig) . 5 


—— 1 __ 
8 8 5 8 2 = * 8 1 n "a : ö 
r e . . Ea; , g Pan ert PR 
2 8 1 VCC j Ü˙ð—⁵5o⅛ ITS HG et EET. 00h Fs g 
a Bees ILY 1 F x 3 
k CE OR: e 


| part IV. Irigonometry. 29 


Cor. The Diſtance of any leſſer Circle 
from its Poles—9gof< its Diſtance from 
its e ou Circle. 


Prop. III. Fig. 16, 
F a great Circle EC FE be deſcribd 
1 from the Pole 4, the Arch E, ly- | 
ing betwixt ac and kA, which Form 
the Angle at 4, is the Meafure of that 
Angle K A C. . 
For a = E90 there. Wh fo 
fore the Angle a ve? = got HE 
12 AD f, wherefore c D = 
EC to the Inclination of 
the Two Plans A cp, AE D/ 
—L"xac. Q. E. D. 


Prop. IVI. 
A Great Circle Ac cutting ano- 

ther AEBF makes the 
| Angles Deinceps , W ⅛/ NN 
c AF == to the Arches EC, VN. B. de,. 
[Cr to a Semicirle or 180˙ 3. 


Sto Two right Angles. 


Prop. V. Fig. 1 6. ; 


TH. Angles at the Ver- T 
8. 4 ten EAC, FAL are eye: 
J. equal, for L*EAC ECO 

CI: BD =FDL' IR 


r AL. E D. 


Prop. VI. 


AN gles E Ac, EBC ata Semicircle's 
- Diſtance, are equal. 1 
_ For E ED the In- 80 
3:  Cclinationof the Two Plans is 
the Meaſure of both Angles. 3 


Prop. VII. 


Po Triangles, beving one Angle 
and the Sides forming that Angle | 
equal, are every way equal. | 


part IW. — 0 2 * 


V. 

| Prop. VIII. 

i | IT» Triangles, having o one Side and 
2 the adjacent Angles equal, are 
1 every Way equal. 


= B 
9 
12 


1 
Eu ten Triangles are likewiſe 


equiangular. 


- Oy 0p. X. 


n- | ; JSoſceles ee have the Angles, 
as both above, and below the Baſe, 
| equal, 


A” XI 


Th the Angles at the Baſe are equal, 
the Triangle i is an Iſoſceles. 

In this and the Four preceeding, 
Demonſtration i is the 11 as in plain 


3 
1 „ Prop 


3 * Part IV. 


Prop. XII. 


together are greater than the Third. 


For as in a pla in Surface, a right Line 


is the neareſt Diſtance betwixt Two® 


Points, ſo in a Spherique Surface, the 


Arch of a great n, 
Prop. XIII. Fig 16 


than a Semicircle. 


Produce A E, 4 C till they meet at „ 


then are a ER, AC Semicircles, and 


tis plain A EB > AE and A CB wy 


alſo ECF> EC. Q. E. D. 


| Prop. XIV. Fig. 16. 
Ab. the Sides of a Triangle are lei | 


than a Circle. 


S x3. 


AN y Two Sides of a Triangle taken 


AN y Side of a Triangle a EC is lb} 


For x C <x8, 3 C, there 
dx, foreAt;AC;EC<AEB} 
4A c . < a Circle. 
a . Prop. 


P. 


V. Part IV. Trigema. — 
Prop. XV. Fig. 16. 


N any Triangle 4 E c, the greater 


en Side ſubtends the greater Angle 
rd FY | 
. Becauſe 4B 0 > f Ac, ; 


make a Ed EA c, then is 5 
Ed Ad and a = ARGS 
de did ce EC. E. D. 


Prop. XVI. Fig. 155 


I any y-Triangle ARC, If the Sum os” 

the Sides AE EC beg, or than 
a Semicircle, the internal Angle EAC. 
at the Baſe A c, will be >, = Or 
than the external and oppoſite Angle 
ECB, and therefore the Sum of the 
Angles A ACE 95 or < than 4 
rights. 

If ABEC>,—0r AR, | 
then is * e 1 v« 
and EM e er . 
ECB, and conſequently a 4 * 197 
A CEP, or <ECB ACE 2 | 
which are © equal to 2'rights 

VVV . Prop. 


34 TJragouanetry, Part IV. 
7 Prop. XVII. Fig. 17. 
I any Triangle A S whoſe Sides 
. n AG 105 and their Poles 

E, F, D, the Triangle E D; is the Com- ö 
plement of the Triangle ABC; that is, 
1. The Sides of the a EDF are the 

Complements of the Angles of ABC | 
to Semicircles; And, 3 

2. The Angles of E D r are the Com- 
plements of the Sides of the Triangle | 
A3 C to Semicircles. 1 

Upon 4,8 & as Poles deſcribe the 
great Circles EE, TRD, VESD, | 


then is 4E '== 90 '== BEgthere- 1 


op Lag fore bis the Pole of 4»; alla | 
5 DO == n, therefore Wis the Pole [ 
; of 5 C, Again, af N y there» | 
tare 5 ische Pole of 4 G. | 


1. FG = 90. EL, then | 
EE = ar complement | 
. us 4. % LA 0 1805 | 

T.E — M = DN, then nE DH 1 
Compl. « N. 7. K 19 18% 

Vo por then 1 o= | 
Compl Og e | 


6.10: 180 
Wh L*s 


| — 2 
3 
55 
+. 
2 
©7598 
8 74 
SG 
OP 
x 
7 
. 
on 
85 
J 5 by 
25 
5 
2 5 
1 
Y 
= 


bave's x INI E. LD. 
„ 


Fart IV. Trigommetry. 35 
Ss LE =IR=AI{BRAAB= 
2 Quadrants — A - 
LD” DI on Bt $008 Þ 

—3 © = 2 Quadrants — 5 © 
LF SG = GA +4 O'S A Gm 


I 2 Quadrants — ac, Q. E. D. 


Prop. XVIII. 


Quiznglar Friangles are likewiſe 
lateral. 

"bi their Complements are 
equilateral, and therefore” equi- » 19 


angular, wherefore the Triangles 


\ L 
' 7 
45 * 
5 
5 


themſelves are inn 2 E. D. 


| Prop. 1 Fig 17. 


He Three Angles of any Spherique 
Triangle are > than 2 and < 
chaw' 6 Minen For 6 Rights „ 


17. ; 
= 4 R; and wanſpoſing od 


e we hive 6's <4 R+ALB4C4 


and taking 4 x from borh Sides, we 
The 


5 Toi gonometry. part IV. 


The 2d Part is plain; for the external 
and internal Angles together are equal 
to 6 rigur Angles. Ergo, c. 


Prop. XX. Tic: I 6, 


A Cir CEL paſſing through L, C 
the Poles of another great Circle 
AFBE makes with it right Angles. 


. 6. Which is' right to the Plan 


<18.c. 11, AB E, therefore CEL is 


perpendicular to that Plan. 


2k. b. 


Prop. XXI. Fig. 16. 
F a great Circle x be right to 
another A E, It ſhall paſs thro! 


its Poles C, L. 


4 — „ Dy, and right® to the Plan 


4. 6. AFBE; CD, Which is Go Ik 


to the ſame Plan, will be * 
1 its Plan. Ergo, Ce. 


Prop. 


For it bpalles thro? L , 


Becauſe its Plan paſſes thro? 


* - 1 n 22 
2 W = Is rene ee eee, So die oth 
rn en II 22 ³˙d Oo omen ra 
N * ann weg 1 +. : Eo ns eG ESI 2 d ͤ wuZ Iʃ ¾— ÜL 
„ * ** N * ͤ—. UNREST BRIE d ß ON OPT Ig Pa tai Fa or / SO 2 . . : 8 
PPP lag ies rid aids, eo 3 e 2 5 DA 8 1 3 2 8 * . 
2 * SETS LM 7 5 3 x 1 FF ö 7 s: ? : De. a 4 a % . — 8 
ie N . . 25 8 * 4 
* — * — 6 
Py * * » 
Pr 4 


| 
1 t 
| 


Part IV. Trigonometry, 37 E 


| Prop, XXII. Fig. 18. 


1 F to a great Circle A FB E, from a 


there be drawn Arches of great Circles 
RA, KB, RT, RV, that Arch R A, 
Which paſſes thro? c the Pole of art, 
is the greateſt ; irs Complement to a 
N [$cmicirele RB is the leaſt; and any 
Arch x T, which is nearer to RA, is 


| 


greater than that x v which is farther 


| E-moved from it, and the Arches ſhall 
make obtuſe Angles towards x A. 

BBR CA L AFB. Draw RS 

to the Plan A FB, that xs Co 
{hall fall upon a s the com- 1. 
mon Section and common 
Diameter of the Circles a cs, Ar B, 
| Join the Right Lines RA, RB, K T, 
KRV. hy 
In the a RSA, RST, RSV, d. 3. e. 1 1. 


Rs B,“ right angled at s; & A fern. 


RST A4 418 74 28.543 
J. e. K T4, therefore A R T 

pad the Arch RA'SKRT; the ſame way 

| | | RY 


Point x, which is not its Pole, 


 - Trigonomerry. Fare . 
RT, —=RSq4STq '>RSq4SVq ec.) 
R v4 '>R8Sq+SB8q . e. R E. Ergo, Ce. 
2. Becauſe c is the Pole of the great 
Circle A EB E, therefore oy 1 
ſhall be a right Angle, and con- 
* K TA ſhall de obtuſe. Q. E. D. 


Prop. XXIII. Fig. 1 18. 
I* N any Spherique Triangle right 1 
led at a, the Sides containing . 
the rinks Angle, are of the ſame Affe 2 
Aion with their oppoſite Angles. W 
For if a © = go" then uf 
* 21.8.2, the Pole of the Cifcle AB 4 | 
. . and r a right Angle 
| = go? = GVA. If AN 
o then are K TA, KV 4 obtufe An 
— Bur if A * A 90, _— 
X VA, leſs than CTA, VA les 
than right Angles. Q. E. DO). 0 
N. B. Two Arches or Angles are o 5 

the ſame Affection, when they're % » 
once „= or "9 Pw 74 RT 


a 20. 


Prop. XXIV 


part . Titan 5 39 


v. 


3 Pr. XXIV. Fig, 18. 
eat || F the Two Sides or Angles of a right 
Ta angled Triangle be of the fame Affe - 


oy = ion, the Hypothenuſe wall be leſs than 
„L. 1 7 fol «tt | 
la the Triangle BR V, be- Py 
a auſe B R ? < 90, FA E. B e and , * 
eb bl e, „„ 1% thﬀn®® +». 
Sur E v ARF, hien r 8 "0 
= 2 adrant. . 
2. Becauſe au * ac, i. 6. yo}, and 
AV> AF 1. e. 90, therefore x * 4 
LE 1. e. JOE k. P. 8 


310 
15 5 Prop. XXV. kk. 1 8. 
me IF the Two Sides of a right angled 
5 Friangle be of a Areas, Affection, 
he Hypoehenuſe will be yoann than 
Wadrant. 


ande i. 6. 90˙ and - 
22.5 

ar <A E. fe e. 9005 then is Ba 8 

Fra. h d E U. 


vl wh XVI 


Trigmometry. Part V 


40 
Prop. XXVI. Pig. 18. | 15 
17 the Hypothenuſe be > or < than ac 
go?, the Sides and conſequentiyj w 
their oppoſite Angles will ac &. 


A cordingly be of the ſame of} 
different Affections. It follows from 


the Two preventing ons 


Prop. XXVII. Fig. 190 Lf 
IN any Triangle A s c, if the Angle H 
BC, at the Baſe be of the ſame of 
Affection, the Perpendicular ad ſhall 
fall within the Triangle. Pl 
2. But if the Angles 6, e, be of diffe- >! 
rent Affections, the perpendicular an *t 
ball fall without the Triangle. © 
1. In the Firſt Caſe, if A b be not in 
the Perpendicular, let AE without the B 


a be it, then in rhe right angled * AEC | th 


- AEB, AE Aff. as L*c and ar 
= the ſame A E Aff. as A B F io 
it 


wherefore AB E Aff. as e contra Hyp. 


2. Ia! 
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2. In the 4 c,if ad be not the Per- 
pendicular, let ae within the be it. 


Then in the right angled Triangles aeb, 


ae Ci effect. as b, and a e affect. as c: 
wherefore band c Are of the ſame affe- 
tion contra hype & | E. D. 


Prop XXVII. Fig. 20. plate 3. 


N the Triangles BAC, BHE right 
angled at a and k, and having rhe 
ſame acute Angle z, the Sines of the 


4 Hypothenuſes 83 E, 2 c ate as the Sines 
ok the Perpendiculars H k, CA. 


3 T is the common Section of the 
Plans of the Circles 3 © r, 

N the Si D. 6. P. f. 

BH T, then R, ot ines wiltes. 

of BE, BC, are parallel; EF, . 4e. 11. 
C 

op the Sines of 1, A © be- 4 3 . 

ing perpendicular to the Plan 16. e. 11. 

BHT, are likewiſe © parallel, Fs af a 

therefore the Plans RE * 5 C D* 
are parallel, and R F d, and con. 
ſequently. the Triangles RE, y c pfare 


ſimilar and RE. c & 5 F.CD. Q. E. D. 


SET: P.. XXIX. 


WT Trigonometry. Part w. 5 
, cles 
Prop. XXIX. Fig. 20. þ 91 


JN the ſame Triangles, the Sines of | Jai 
the Baſes 53 H, BA are as the Tan- 30 

_ gents of the Perpendiculars EH E, Ac. 
Nx, A d the Sines of s E, 
ie Amy parallel, and ; G, A1“ 
... the Tangents of HE, AC be- | 
D. 10. P. ing perpendicular to the Plan 
and P. 4. BHT, are likewiſe © parallel, x 
© 6. e. It. therefore the Plan KH is app 
wh 8 QA i and KG Quthere- An 
are Bl go? 


0. e. 11. fore the A®x H, GA! 1 90* 
£4.c.6, fimilar, and K H. GA“: HG. ::o 
* Al E. D. | N 


Prop. XXX. 8 21. 


IN any Triangle a Bc right angled at | 
= 4a, LB at the Baſe is to the Sine |} 1 
ol the vertical Angle a oB, as ®Perpen- ang 
dicular e At- © ” the 

Produce BA, BC, CA, folks! BE, B P, acu 
e, oH may be Quadrants; upon x 
and c as s Poles, deſcribe the great 3 12. 
d | | cles 


8 


7 25 


angled at E and r, and having 
ihe ſame common Angle p 
acute, for AE <BE 1j. 6. 905 AE. Cr 
|: Ks © Dy — is, "A B. "BC: 7 R. A C. 
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cles EFG, Id; the Angles at 1, EH, E, 


r * ſhall be right, and L* AS xs 
Lalo“ right, therefore p is the * 5. 
pole 4 AE and *6 the Pole 4 
cri; AE is the Comple- <« 28. 


ment of A to go), the Angle 23: 
73 CEP = & Gs : Or DF is the Comple- 
ment of both to 90: cauſe c o is the 


© 


7 Complement of ac and alſo of D Hy 


therefore a C = DH. 

In the Triangles H1c, pre right 
angled at F and 1, and having the ſame 
Angle oy acute, becauſe Ba <BE i. e. 


1275 'DF. HIC, R. that is, B. CA 
0 A. R. Q: E. D. 


Prop. XXX. Fig. 21. 
S © Baſe is to ” Hypothenuſe, ſo x 


to © Perpendicular. | 
In the * EA o,rco right 


-" 23% 
© 


2 E. D. 
=. | Prop. XXXII. 


— a : - INTL = - — 
eos ge SIT wt 5 =_ n 
7 3 . —_—_ o * — 
23 . yy 28 8 , ESE ER I LEY ä A — = 
22 >, op he wn n JR 0 ” 
e. ie ge gg os Is +» MAT rags: rere 2 f 5 8 * 
erer v ies © oe IP - at hy 8 ow - — 
— - K — =_— 
0 4 
* 


_ — 
* 


1 
"ru n 
* 13 
{89 
3 > 
7 
1 
. 
4 
2 
* 1 2 
4 7 
FY 1 
47 
[2 1 
: ; 
5 g 
8 
DF. = 
r 
1 3 Fo: 
. 
3 FS: 
_- 
1 4 
i 4 
; 9 
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. common Angle s* acute, for l 


re. Er. Ek. D. | on :: 


Prop. XXII. Fig. 31. 
8 hu Baſe to, ſo is T Perpendi- 
cular t to T Lat the Baſe. 


In the a"Bac, BEF right * 
at A and E, and having their 


423. 


Ac AA D 1. e. go), BA. BE 


Prop. XXXIII. Fig. 21: 


A vertical Angle to R, ſo is 1 Fer- 
pendicular to r Hypothenuſe. 

In the A® GIF, GHD right angled Þ 1 
at and H, and having their LE” 


$20.” common Angle 6* acute, con 


for no AH i. e. 905 0 H, te. 
R D H. FI. * D, 


Pop. XXXIV. 


| | [Pare IV. n 45 


1 Prop XXXIV. Fig 21. 

| A 'Hyp othenuſe to R: Perpendicu- 

"i lar to L at the Baſe. 5 

In the 1, GHD right _ 

55 23. 

Jangled at 1 and E, and ha- 18. 

ving their common Angle G' 

| * E for HD AH C, i. e. 90: IF. G F 
:: HD GD. Q. E. D. 


ol | Dp XXXV. Fig 21. 
AS R. Hypothenuſe :: 7 L vertical 
to 1 Lat the Baſe. 8 
In the A® HI, pF right 523. 
Lat I & r, and having „ 
common Angle Ef acute, for DE <GF, 
e. 90 18. CF": Hh e Eo 9. 


The 
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Part wi Pa 


1 8 4. 


| The 16 Caſes for right angled — 2 


oblique angled Spherique Triangel 
BCD, bca, If a Perpendicular c 


% B 
Given. Sought. Proportions. 4 DC 
J TjA e R. Ac: : c. c l. aff as de 5 
ac. Ne. jc. 1 Ac. AA: : B. C. f 
3128. ic. 1c. sc. A:: G B. c AC. þ 
r 4[BA.CA. ſides. no. fn. A.: : Ac. c. 
Ia. BC. bf. Hhyp. A c. ſe A B. Kc: 0 BC. G Ac. 
#32, 6A B. A c. ſides. ;. A B. Ad: t c. tx. 
EB. Le B. adj. ac. n. A Bd; : t;. ta c. 
[Sa c. Le B. op. A B. B. Ad: ;: tà c. A B. 
33. 9]B c. Hp. Le c. A c. R. c ce :: t; c. A c. 
toſa c. L c. adj. Bo. js c. xe: : tA c. t c. 
1IISC. 5p. Ac. ſide c. adj. ſtB c. xe: : tà c. c c. 
434. 12 [f c. hyp. Lle B. AC. op. fideſ . 5s cf: : 5B, Ac. | 
3A c. Lie B. op. Bc. sB. A C. f:: K. c. 
114|8c.hyp. ſide ac. ;. op. Ppc.xt:: 9 c. 5B. 
a Ps. 1*c mo. c. AB:: J l. G Bc. 
**: 1161s c. hyp. Lie c. B. K. G 1 cg: : tc. 78. 
N 
Pr op, XXX VI. Fi g. 22 | The 


\nd 
her 


from the vertical Angle c to the BaſſſÞier 
Bd or þ d, divide the Triangle into Twas A. 


other Triangles BC a, DCA, or 664 


dc a right angled ata or a, The Co 
ſines of the L at the Baſe ; and o, (/ 
and Hare a8 the Sines of the vertical L. 


5c 
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n C A, DCa,bca, d c 4. For | 
1 % B. de : Ann: 


Wh XXXVII. Fig. 2 


"He ** of the Sides B c, DC, bc, d c, 

are as the “ of the Baſes 
BA, DA, ba, da. For © BC. 
BA": A c. R:: De. DA. Q. E. D. 


Prop. XXXVIII. Fig. 22. 
He Sines of the Baſes B A, Þ a, ba, 

d a, are reciprocally as the 1 of 
=", 4.6 at the Baſe BD, 6 4. | 
| Becauſe B A. K.: Ac. 8 
berefore B AX B AC XR. 525 e. 6. 
* \nd becauſe D A. R:: A C. D, 1 ay 
re therefore DAX AX R Rt2. 
Bakf herefore v AX D, = BAR and D. 
Tus A.: . b. 1 9 


1 30. 


31. 


| 


© 
Vo 
IX. 
* 
* "oF 
uy 
ig 
| ry 
5 
- 
* 


cl Prop, XXXIX 
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Prop. XXXIX. Fig. 22. 


He r'of the Sides Bc. De, bc, ds, | I 
are reciprocally as „ vertical . 


a 8 * 


33 | 3 ec: . % Ra. 
18. e. 6. therefore X BOA Ac fere 
a 


x. 1) XR. and becauſe * D c. A c.: Me 
105, 5-0. e de therefore De x, 
DCA = Ac x R, therefore g; c x © BCaþ 


pg pA and BG. D C.;: D c 
5. * D. ir 
7 

Prop. ) XL. Big 21 The 

He Sines. of the Sides B c, DC, bi | 5 


X dc areas thoſe of their Sabre 
| L* o, B. . 


2 Becauſe 3 B 6. | 4 1 i ri 
34. ia 
dis. 6; 3 B CX P = = R X "AC TH 
Frag and becauſe p C. R:: A c. . .. 
: 14. e. 0. therefore DC xX 1 TY: | 


tthereſore B XB DCR 
and c. D:: Do C. 3, Q. E. D. 


8 ee XII. Fig. 23; 


a ＋ I8 any Triangle ABC, as the rectan- 
gle under the Sines of the Sides 
cr or MEX AE is to the Square of the 
Radius ON :: IL IA -A the Dif- 
A ference of the verſed Sines of the Baſe 
c. c and of the Difference of the Sides 
xl A BM BA to GN the verſed 
3 Sine of the Arch p N, 7. e. of the L” B. 
bon 3 as a Pole deſcribe the great 
aircle Þ N, and || to it c , their Plans 
ON, CF Will be right to, 
224 he Plan 3 ON, and p 6, CH e 1 N | 
Ferpendiculars to that Plan 4%¼6. e. 11 
0 N' Will fall on the com- 2 25 
on Sections o N, FM, ſup- e. 11. 
poſe at G6 and H. The e 


; riangles PON,:CFMare imilar, for 
1 pON cru, therefore E M. ON. 
: C. PN: : M H. GN. Draw C14 


d a, then is H 1 I＋ o A. The Triangles 
CX eo, Dro, DIH, DLM are ſimilar, 
or the Angles at , F, I, L. are right, 
ad the Sides are either 3 or the 
XII G 5 fame. 


HM, HMXGN:: IL. GN. Q. E. D. 


SIAC T ARX SCG A =AG X Brfl— 


5 
410. e. 6. P E- therefore A o. A G 


fore AOK - Ar. E. U. 
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ſame Line continued, therefore A x. a of 


1 L. A H, and before we had F M. OR for 
:; 4 N. G N, . * 
Therefore A Ex F M. Ax ON 1X ö 4 
An 
| | 3 | fore 
Prop. XLII. Fig. 24. 6, 
He Difference of the verſed Sines 
ol 2 Arches Ac viz. HD x K 


Diff. 3. v= AH ADA Þ. 11 

sz Sum Arches = AI A Ge and 14 
SZ diff. Arches ="s1 nr. N 

The s 4 A Go, 3 EC are ſimilar, for 
the Angles at k and Glare 
b 4. c. 6. right, and s CA d, and 3 55 
©15-& 16. [A o; and Ao. AG:: 3 C0 


28 C=B F. BE H , 45 


Prop. XIII i 


A' Rectangle under the verſed Sine o 
"00 Arch and zx to the m_ 
0 


V. part IV. Trigouamerry). 5¹ 
oy ol the Sine of r that * 20 U xeb = _ 
I v4 the 3p YL RY are ſimilar; 
having L* common, and the 1 
Angles at c and e 1 bikes: 
ore ob. c h:: ab. e b, then = 


z | 

24. J b. obe: 2 4b 4m: 66. (eb therefore £06. 
R= — — pig. 2 5. 

= Given. ſ "Sought. Proportions. 8•25. 
BF. 1 ILB. Lie p, BC. op. C C Levert. BC. Ka:: JB. CA. 35.Im 

3 11 | | ar SBCA}: p. pca, * 

and | 1 - 1 e {L*Bcp=Bca | 

| 2 | 14D A, or BCA 

rl | 11 — DCA, accor- 
, = | 1 | dingly as B, Dare 
are b affected, by 27. 
3 
B C J 7 : < 
8 1 | | | TBC.RC::Jr.tnca. e 35. Inn. 
gere. . s, c, BE b. op: |*BCA.DCA,%;:7B.0D 
* DM [EE e Le a 76. 
3 7 | jlfsca<Bcp | 

* g | | {the Lep is*affe-- 
| 2. | ted as s, elſe * 

ne olf — 1 " DO tk my 
juary RE 

VVV Given. 


52 
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Part IV. 


Given. 


4 Sough, 


[3 


l, 


BC. DC. B 
„ 


D B. 


D 14 


B D. 


Lle 


[within | or without y 


ssb Le p 


K. G Be: : t; C. t; A. 
F vc. Af; :: C. DA, 


WS 44 AD, ac- 
cording as the 1 falls 


Ile which is known 


0 


R. e: 1c. 8 A. 


DC> or 90. ac- 
cordingly as Le b & 


IBA. BC f:: DA. Dc. 


Proportions. | 5 


ACD are affected by 
Rg. and 2s. 
ne. BA. 

to. 'B*::5B A. SDA, 


B D BAT A D, as 
Les B p. are affect. 
ed. by 27. . | 


de. "BA. . 
SDA, BAK: : tB. t D. 


Le p is affected as B 
or not. as BA > or 


1 


<BD _ 


Given, 


— 


V. | | Part W. — Trigonmetry. = 


* ug,. 


. 


DC. 


C vert. x. c BC" 3: fs. 7 BCA 


Proportions. 


en — — — * - 


tne. en c. DCA 
Le c „ D c A as 
out the Se which 1 


nown by the Species 
of Le p. 


R. G Bcm: : tB 7 BCA 


Dc or <4 909. as CA. 
ACD, or AC, AD are affe- 
cted by 24. 2 5. 


1 


SD C. 530: : 3 c. D. Am- 
biguous. 


biguous. 


BY within or with- 


TDCA GBCA? ;;*BC. „ Ceo! + 


5 


SD. SBCO: : *B, SD EC; Am- | 


1 __ Given. 
sc. pc. B 
„ Ye 
| : 
1 B. C. BC. 
ö Lle Zle [ 
AC- | 
& 
by 
A. 9 c. DC. B 
L „ 
as | 
Ct- 
BC, B. Do* 
* I, Lie Lie 
8 B 
or 


en. 


0 49, 


Given. 


12 A. 3. C. 
Lle Lle xle 


111aB. BC. Ac. 


\ 
. B C 
- 
- 


— 


Propertions. 


Os 


AB X SBC, * 4 


LAC1AMYXS A ComanT” 
＋ Ac A AM xSHA CAN 


II LX. 
2 


preceeding. 


nn e. 


The Sides of the Ale 
DEFY are the Comple- 
[ments of the oppoſite 
{Angles in asc: So the 
| is the ſame as in| 


IL G N 


— — _ 


And NG x 


| 


——_— 


5 Fart IV. 


d 
———ů— 


. 


wy 


| Introdudtins 


TO THR 


Uk of Both GLOBES. 


Wag AVING alread y ſpoke of Cir- 
& cles on a Sphere in general, 

we {hall now ſpeak in parti- 
cular of ſuch Circles as are 
| for ordinary marked on the artificial 
Globes; which Circles repreſent theſe 
| imaginary ones on the natural Globe, 
with relation to which we calculate the 
| Places and apparent diurnal and annual 
Motions of the Heavenly Bodies, and 
| by Means of which we account for the 
Phenomina depending on theſe Mo- 
tons. That this Earth is globular (ab- 
ſtract ing from that very inconſiderable 
Difference of the Diameter and Axis of 
the Equator) appears in the Figure of 
its Shadow in a lunar Ecliple: And it 
is plain to any chat can look about _ 
that 


—— — 
pers 


yg 


ts 
1Þ 
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_ 

- N 17 

i +73 
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„ ga. 50 
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— (— ee 


fing from Eaſt to Welt, 


— | Turoduflion to the 


that the Heavens or ſtarry Frame is 2 | 
Sphere, whoſe Center is the Eye of the 
Beholder, or (to pleaſe the Prolomeans, | 
if there be any) the: Center of this Earth:] 
For once then we ſhall conceive the] 
Heavens and Earth to be Two concen- 
tric Spheres, and then whatever Circles] 
we imagine in the Heavens, we may] 
conceive Circles in the ſame Poſition 


with relation to eachother on this Earth: 


ſo the ſame Circles may be deſcrib' Þþ 
both on the Celeſtial and Terreſtrial Þ 
Globes. 


The more remarkable great Circles 


on the Sphere => theſe : 


I. Equator. Equinoctial Colare. 
2. Meridian. 6 6.585 titial Colure, 
3. Ecliptick, 82 _ Circles, 
Horizon. Hour Circles. 
I. The Equator is a great Circle paſ- 
and having 


the dere Poles and Axis with ale of 
She World. 

It is the Meaſure of the Sun's appa- 
rent diurnal Motion, for in the Space 
of a Day (2.e. 24 Hours) the Sun ſeems Þ; 
1. = to 
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the (ito deſcribe this Circle or a Circle paral- 
lel to it. Hence, 5 
eth. . 15 of the Equator anſwer to an 
Hour of Time, and 1'to 4. And 
therefore 
2. To reduce Degrees of the Equa- 
tor to Time: Divide by 15 and mul- 
Itiply the Remainder by 4, the Quot 
gives Hours and the Product Minutes. 
The ſame way are Minutes of the 
| Equator reduced to Minutes and 20s of 
Time. 
Il. Hour. Circles are great Circles nk - 
Fling through the Poles of the World, 
and every 15 of the Equator. 

N. B. The Point directly above our 
Head is called the Tenith; and that di- 
rectly below our Feet, the Nadir. 

III. The Meridian is a great Circle 
paſſing thro? the Zenith and Nadir and 
ing the Poles of the World. | 

ot It is a moveable Circle, for it ſhifts 
ies Place as the Zenith does, ſo every 
Point in the Globe has its own Meri- 
oy dian; and therefore the artificial Globe 
15 s hang in a Brazen Circle, which 
BB 3 ! 


58 _ Top als to tho 


paſſes thro the Poles of the Sphere, tha t 
any Point of the Sphere being brought 


to that Circle, it may repreſent ibe . 


Meridian of that Point. 


For the ſame Reaſon Geographers F 
have fixt upon one Meridian, from 
Which they reckon the Diſtances of al 


other Meridians, and his they call the 
Firſt Meridian. 


Definitions for the Terreſtrial Globe. 
TV. Latitude is the Diſtance of a Place 


from the Equator, and is- either North 
or South, 


V. Longitude 1 is the Diſtance of the 
Meridian of any Place from the fit] 


Meridian. 
Ward. 
Vl. The Diſtance of Two Places i is an 
Arch of a great Circle intercepted be- 
twixt theſe Two Places. | 
— Brazen Meridian is divided in. 
4 Quadrants, the Two upper Qua- 
— 6 are divided into 90ꝰ, and reckon d 
from the Equator to the Poles; the o- 
ther 2 Quadrants are reckon'd. from the 
Poles to the ne: On 


It is mays reckon'd Eaſt- 


tick 
ca lle 
3 
Mon 
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On the Two upper Quadrants are 


reckon'd the Latitudes of Places. 


The Equator is divided into 3607 


[reckoned from the firſt Meridian Eaſt- 
ward compleatly round the Globe; on it 
are marked the Longitudes of Places. 


VII. The Ecliptick is a great Circle 
cutting the Equatcr at Angles of 23 
zo ; it is the Way of the Sun's __ 


rent annual Motion. 


VIII. The Ecliptick is divided into 12 
equal Parts —_ Signs, each Sign con- 


tains 30* for == JO. 


The Sun 3 this Circle 360 
in the Space of 365 Days, and conſe- 


quently he moves through almoſt 15 in 


one Day. 
IX. The Time of the Sun* 8 Revolu- : 
tion round the Eclintick is called a Tear. 
X. The Year is divided, as the Eclip- 


tick is, into 12 Parts almoſt equal, 
called Months, + 


The Signs with their correſpondent 
Months and Characters tand thts : 


H 2 


DS. Introduction to the 


2 IT &s a 


Aries, Taurus, (iemivi, Cancer, Leo, 
. Apts May, ow. Jay, 


in 
lp go, 1 Scorpio, 8 fs tary, 


Aug 50 7 September, Oct er Nevember 


„ Aquary, Piſces, h XN 
February). 


December, anuary, | 

XI. The Horizon is that Circle deſerib- 
8 ed by our Eye, when placed on a high 
Mountain, or when at Sea, we think 
we ſee the Heavens and Earth join, and 
this is called the Senfible Horizon. 

XII. A great Circle parallel to this 
is called the Rational Horizon, its Poles 
are the Zenith and Nadir. 

The rational Horizon is repreſented 
by the Wooden Horizon on the artifi 


gial Globe, on it are marked : 


1. A Circle divided into Signs and 
Degrees, as the Ecliptick is, begin. 
ning with the firſt Degree of Y at the 
Eaſt Point of the Horizon, and reckon- 


Se 10g Northward. 


2. A double Kalendar, vis. the Ja- 


{ian and e each divided into 


Month: 


« 


| paſs i is, Into 32 equal Parts cal- 
jed Rumbs, each Rumb con- 
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Months and Days anſwering to the 


Diviſions of the former Circle, begin- 
ning the Julian Kalendar with March 


11th, at the Eaſt Point of the Horizon, 
and the Gregorian with March 22d, at 


the ſame Point, and —— both 


F Northward. 


3. A Circle divided as the Sea Com- 
Fig. 26. 
tains in” x5 mr = 11* 15: 


T 

XIII. The Elevation of the Pole j is its 
Altitude above the Horizon; it is mea- 
ſured on the lower nn of the 
Brazen Meridian. 

The Elevation of the Pole is equal to 
tne Latitude of the Place. 

For making z the Place whoſe Ho- 
rizon HR, QE the Equator, 3 
and p, p the Poles, O2 is the 22 27s 
Latitude, p R the Elevation .A. 
of the Pole, and it js plain 
ZR'— 90* *=PQ and z R- Zz d 
—P7Z. 1. e. RS QZ. C. E. D. 


3600 
3 


ba u roduction to the 
When the Sun is on the Equator (i. 
e. at either Point where the Ecliptick 


cuts the Equator) the Days and Nights 


are equal all the World over. 
For it is plain Qo—osx, that is, 
the Equator is in Darkneſs, the other in 
Light. 
called the Equinottial Points. 
„ XIV. A Right Sphere is, 


Angles with the Horizon, 
This Poſition of the Sphere they have 
that live at the Equator. The Poles of 


the World coineide with the North and 


South Points of their Horizon and their 


Days and Nights are equal all the Year 
over: For the Equator and all its Pa- 
rallels are biſected by the Horizon. 
XV. A Parallel Sphere is when the E- 
quator E Q coincides with the 
Horizon x x, and conſequent- 
ly all its Parallels a: e parallel to the Ho- 
rizon. VN 
Ihis Foſit ion of the Sphere is proper 


to thoſe that live at the Poles, and ſo the 
Poles of the World coincide 


with 


Hence the 1* of Y and marc 


when the Equator is at right 


their 


r 
e 
1 
. 


are every where equal. | 
— Suppoling now the Sun at x, vi. 10 
North from the Equator, he ſhall then 


Sun can at once illuminate but Half 
the Globe, ſuppoſing him on the Equa- 


tor at E, he then ſhines preciſely to both 


Poles, and the Equator E Q and all its 


Parallels 1 S, , &c. have juſt one 


Half in Light, and the other Half in 


Darkneſs; that is, the Days and Nights 


ſhine to v, 10 beyond p, & to-v;ro? ſhort 


of p; and deſcribing a Circle upon 
as a Pole parallel to the Equator, and 

paſing through v; the whole Tract ly- 
ing within that Circle ſhall have the 
Sun continually in View, and confe- 


quently they ſhall have continued Day. 
It is plain, that the Tract lying within 
the like Parallel paſſing through v ſhall 
have continued Darkneſs. 5 
In like Manner the Sun being at T;the 
Point of his greateſt Declination North- 
ward from the Equator, vz. 235 30, he 
ſhall ſhine to c, 23. 30 Southward from 
the Pole p, and to a, 235 30 ſhort of p E 
„ an 
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their Zenith and Nadir. Seing the 
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64 Int roduclion to the 5 
and all that Trad lying within the Pa. 
rallel AC, hath the Sun conſtantly in 


View, c. 
Thus from the Time of tha Sun's 


being on the Equator at x, to the Time | 


of his greateſt Declination at r, the 
Sun has been continually in View of e, 
and p has been (till in Darkneſs; that is, 


5 the Space of 3 Months, anſwering 


o 3 Signs x n, for the firſt Degree 
— S is the Point of the Sun's greatelt 
Declination Northward. 

The Pole v has the Sun ſill in View 
during the following 3 Months, while 
he deſcribes the 3 


Equator, and fo ſhines beyond its North 
Pole. So the Inhabitants of the North 
Pole, if there are any, have had Half a 
Year's Day, and thoſe ot the South Pole 
Halt a Year's Night, viz. trom Marel 
toth to September 1 3th. 
The Sun, at 1*=, is again on the E- 
quator, and the Days and Nights are 
again equal; thence he declines from 
the Equator South ward, and leaves the 
North 


Sines S Um, for all 
this while he is on the North-{ide of the 


Ut of Both Globes, 65 
N orth Pole in continued Darkneſs, while 
he gives - Year' s Light to the South 
Pole. 

The Point of the Sun” 8 greateſt De- 


clination Southward is the 1 * of W. 


XVI. The Two Points of greateſt 
Declination are called the Solſtitial 
Points, and we having North Latitude, 
1*S is called our Summer Solſtice, and 
1*w our Winter Solſtice. | 

XVII. A great Circle paſſing thro? 
the Poles of the World and the Solſti- 
tial Points is called the Solſtitial Colure. 

XVIII. A great Circle drawn thro? 
the Poles of the World and Equino- 
Au points is called the Equinattial Co- 
419. 

XIX. A Circle drawn thro' 15 5 and 
parallel to the Equator, is called the 
Tropick of Cancer, for the Sun at that 
Point begins to return to the Equator. 

XX. A Parallel to the Equator drawn 
thro' 1* vw is called the Tropick of Capri- 
(077, | 
XXI. An Oblique Sphere i is when the 
Equator E 3 all its Parallels make 

8 1 1 


—Poles. 


5 66 : ure 0 TY 


ig. 30; rizon HR or hy; 


This Poſition of the Sphere they have 
that live betwixt the Equator and the 
The Pole neareſt to the Ze- 
nith is always elevated above the Hori- 


zon, and the other depreſt below it; 


The Elevation or Depreſſion of the Pole 
is always equal to the Latitude of the 
Place. Hence, 


The Diſtance between the Poles of 


the World and thoſe of the Horizon i 
equal to the co-latitude of the Place; 
likewiſe the Elevation of the Equator 
above the Horizon on one Side, and its 


Depreſſion below it on the other is e- 


qual to the co-latitude, | 

1. Let the Sun be on the Equator 
at E, whatever the Horizon be; whe- 
ther HR or hr, {till the Semidiurnal 
Arch to = 9o* =0Q the Semi-no- 
Cturnal Arch; 
the Equator, the Days and Nights are 
equal all the World over. Make now 
"Tho Horizon HR. 


ib 8up = 


_ oblique Angles with the Ho- 


that 1s, the Sun being on Þ 
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Semi-diurnal Arch ba > by, but by 


and E o are ſimilar Arches, then the 
Day, when the Sun is at &, is longer 
than when at k. Again, the Sun being 


at T the ſolſtitial Point, the Semi- 


diurnal Arch TM> TV i. e. TM>ba, 
i. e. the Days increaſe as the Sun ap- 


proaches nearer to the Zenith & contra. 
It is plain Tm is the greateſt Semi- 


diurnal Arch, and conſequently the 
Days are at the longeſt when the Sun is 


on the ſolſtitĩal Point next to the Zenith. 
3. The greater the Latitude is, the 
greater the longeſt Day is. | 
Make the Horizon hr, where pr the 
Elevation of the Pole = Lat. is grea- 
ter than PR the Elevation of the Pole 
above the Horizon HR, it is plain the 
demi-diurnal Arch Ty > TM. 
4. If the Latitude x Z = 66* 3o the 
Complement of the Sun's grea- | 
telt Declination, their longeſt . 


Day ſhall be 24 Hours, for the Ele- 


vation of the Equator E H = C0-lat. 
= 23" 30 the Sun's greateſt Declna- 


4 8 
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tion, therefore the Horizon 4 R coin- 


cides with the Ecliptick, and the Semi- 
diurnal Arch T R coincides with the 
Tropick of Cancer, and ſo touches; 
but does not cut the Horizon. 


The Poles of the Meridian are the 


Eaſt and Weſt Points of the Horizon. 
Hence, the Horizon is a movable 

Circle; for the Meridian being mova- 
ble, its Poles are ſo too, and with them 
the Horizon moves. ; 


For this Reaſon the Globe is ſo ſet 


in the Wooden Horizon,that any Point 
of the Globe may be brought to the 
Vertex or Zenith, and fo it repreſents 
the Horizon of that Place. 
The Poles of the Equinoctial Colure 
are the Two Points where the ſolſtitial 
Colure cuts the Equator & viciſim. 
The Poles of the Ecliptick are Two 
Points in the ſolſtitial Colure as far 
diſtant from the Poles of Equator as the 
Ecliptick declines from the Equator. 
XXII. Two Circles parallel to the 


Equator deſcrib'd by one Revolution of | 


the Poles of the Ecliptick round the 
e die 


| Glob 


deſcr 
tick 1 


X 


twix 


Globe, are called Polar Circles. 


U of Bab Glier. 


deſcrib'd by the North Pole of the Eclip- 


tick is called the Arctic, the other the 


Antarctich Polar Circle, as A c, ac. 


The Two Tropicks with the Two | 
Polars divide the Globe into Five A Ames, 


XXIII. That lying berwixt the Tw o 
Tropicks i is called the Torrid Zone, as 


being expoſed to the direct Stroke of the 


Sun's Rays, and conſequently to the 


molt violent Heats. 


XXIV. The two Zones lying within 


the Polars are called the Frigid Zones, 
the Stroke of the Sun's Rays being there 


very oblique, and conſequently faint 
and weak, 


XXV. The Two Zones lying be. 


 twixt the Tropicks and Polars are cal- 


led Temperate Zones, as partaking equal- 


ly of the Heats of the Torrid and Colds 


of the Frigid Zones, 
The Inhabitants of the ſeveral Zones 


take their Names from the various Pro- 


ections of their Shadows, when the 


| Sun i ls on their Meridians. 


XXVI. The 
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no introduclin to tbe 


rid Zone are called Amphiſcii, as ha- 
ving their Shadows projected ſometimes 


North, ſomerin.es South, according as 


the "Re is on the South or N orth Side of 
their Zenith, 


To theſe the Sun is . twice a. 


Year, and then they are Aſcii, having | 


no Meridian Shadow. 
To theſe that live under the Tropick, 
the Sun is vertical but once a Year. 
XXVII. Theſe in the Frigid Zones 
are called Periſcii; for they having the 
Sun ſtill in View, their Shadows de- 
ſcribe a Circle once in 24 Hours. 
XXVIII. The Inhabitants of the 

Temperate Zones are called Heteroſcii, 
as having their Shadows projected only 
one Way. 

Suppoſing Parallels of Latitude to be 


drawn through every Degree and Mi. 


nute of the Meridian, which we ſhall 


call ſimply Parallels, and calling the Two 


oppolite Semi circles of the fame Me- 
ridian, as they are cut off by the Axis 
of the World, oppeſi ite Meridians, we 


way 


XXVI. The Inhabitants of the Tor. 


dian, 
quen 
Nigb 
ſite P 


Fel, b 


may 


| Glob 
poaes, 


> © 


X- 
the ſz 


I vatec 


X. 
— 


rallel 
have 
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may then divide the Inhabitants of the 


Þ Globe into Antæci, Periæci and Anti- 


podes. 


XXIX. Antæci have the ſame Meri - 


dian, but oppoſite Parallels; and conſe- 
quently they have the ſame Days and 
Nights, but oppoſite Seaſons and oppo- 
ſite Poles elevated. 


XXX. Periæci have the ſame Paral- 


Þ lel, bur oppoſite Meridians: They have 


the ſame Seaſons and the ſame Pole ele- 


vated, but oppoſite Days and Nights. 


þ © +49 Antipodes have oppoſite Pa- 


rallels and oppoſite Meridians: They 
| have oppoſite Seaſons, oppoſite Days 
and Nights, and oppoſite Poles elevated. 


XXXII. Climates are little Zones 
terminated by Two Parallels of Lati- 
tude, ſo taken as the longeſt Day at the 
greater Latitude is Half an Hour more 
than the longeſt Day at the leſſer. De 
The longeſt Day. at the Equator 1s 
12 Hours, and at either Polar it is 24 
Hours, the Number of Climates then 
betwixt the Equator and either Polar is 
24, and their Number betwixt the 


Two Polars is 48. F 


72 Introdudion to tbe 
The longeſt Day at either Pole is 6 
Months, and allow ing the Days to in. 


creaſe by Months from the Polars to the Þ 
Poles, there ſhall then be 6 Climates 
from each Polar to its neareſt Pole, in 

both 12, which added tothe former 48e 


give in all 60 Climates. 

If the longeſt Day. be ſuppoſed to in- 

creaſe by - Hour, theſe Zonulz are cal. 
led Parallels. 

hcecauſe the right and left Parts of 


Heaven are frequently mentioned, we] 


ſhall here obſerve that 

1. Philoſophers and Geographers cal- 
led the Eaſt the right, and the Weſt the 
left Parts: The former, 
Heavenly Bodies apparently moved 
from Eaſt to Weſt : The latter, becauſe 
in obſerving the Poles Altitude the Eaf 
was on their right Hand. 


2. Aſtronomers reckoned Weſt the! 


right and Eaſt the left Parts: For they, 
locking Southward in ' obſerving the 

: Motions of the Stars, had the Welt on 
me right, and Eaſt on their left Hand. 


3. Augur 


ST . a 


becauſe the 


. 


4. Poets, looking towards the ſting 
Sun, reckoned Notth the right and 


South the left Parts. 


Hence, Ovid, Met. Lib. 2. 


Neu te dexterior tortum declinet in anguem, 


Neve finiſterior preſſam rota ducat ad aram. 


Here too, having formerly mentioned 
both Kalendars, we ſhall ſhew how to 


find the Golden Number, Epact and 


the Dominical Letter for the Jaume Ka- 
lendar. 


XXXIII. The Golden Number i is the 


Space of 19 Years the Time ot one Re- 
volut ion of the Moon's Nodes (i. e. the 
Two Points where her Orbit cuts the 


Ecliptick) round the Ecliptick. E 
XXXIV. The Epact is the Space of 3 


11 Days the Exceſs of the Solar above 


the Lunar Year; the former containing 


365 and the latter 354 Days. 
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3. Avgurs, looking toward the riſing 
sun, reckoned South the right, and 


North the left Parts. 
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Int e to the 


To find the Golden Number and Epatt 


for any Year. 


1713 
4 


1971714090 
46. N. 


> — — 


Moon SAgez 


80 z is the Moon's Age Jah 14 


| 8. 


—30 


To the Near given add 
Unity, divide that Sum 


by 19, the Remainder is 
the Golden Number. 


Multiply the Golden 
Number by 11, divide 


the Product by 30, the 


Remainder is the Epact. 
So 4 is the Golden 


Number and 14 the Epact 


for the Lear 1713. 


To the Epact add the 


Day of the Month, and 


Number of Months from 


March incluſive; that Sum 


(if leſs than 30) is the 
Moon's Age: If more, 
the Excels is tho Moon' $ 
Age. 


* 
* 
mw 


To 


1 PD * 


922 CÞ md = ink 0D 


= 


that Sum from o, or if 
more than 30 from 60, © 
the Remainder is the Time of Change. 


To find the Change of the Moon for 
any Month. 


Io the Epati add the Epatt 14 
Number of Months from Auguſt 6 
March incluſivè; ſubtra t 20 


So the Moon changes Aaguſt roth, 


171% 


N. B. The Epact for any Vear does 
not reckon till March. 

To find the Time of the Moon s co- 
ming to the Meridian. 

Multiply the Moon's Age by 4, di- 
vide the Product by 5; the Quot gives 
Hours; the Remainder multiplyed by 
12 gives Minutes. 

For 12 being the 11 
_ mean Motion 4 
rom the Sun in one Day; NAC! 
that multiplyed by go 94405048 


| (viz. 4x 12) gives the * 
ſame Arch in Minutes of =o 
Time; and making x — * 
the Moons Age or Num- 44 
4 „ 4A2 nes 
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ber of Days from the Coajunfiion, at 


which Time the Sun and Moon were at So 


| once on the Meridian, 4x12x & ſhall 
give the Moon's Diſtance from the Sun 
in Minutes of Time, which, divided by 
bo (= 55 * gives 228% == Ag the 
ſame Diſtance in Hours; and what re- 
mains {hall be Fifth Parts of an Hour, 
foie; 12 3 
So on the 11th Day of the Moon' 
Age ſhe is on the Meridian at 8 H. 48 
Hence, 1. To find the Time of hic 
Mater at any Port, the Time of high 
Water at the Full or Change being gl- 
,,, 
The Sum of the Time of the: Moon's 
ſouthing and that of high Water at the 
Change, gives the Anſwer. © 
S8oat London high Water at the Charge 
therefore at the x1 Day o 


1 H +8 H. av” = II H 

4.6 

2. To find the Hour of the N AY by 
the Moon ſhining ona Sun-Dial. 

LI the Time of the Moon's ſouthing 
add the Diſtance of the Hour on $ 

axe Dia 


E 


1 
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Dial from 12, if the Shadow falls a- 
mongſt the Afternoon Hours; if not, 


ſubtract. 
XXXV. In the Kalender is a conti- 


nued Revolution of the firſt 7 Letters * . 
the Alphabet, repreſenting the 7 100 5 


of the Week; by theſe we may find t 


Feria or Day of the Week anſwering ro 
any Day-of the Year, provided we know 
which of theſe Letters repreſents Sunday, 


or is the Dominical or n Letter for 


that Year. 


Jo find the Domini * Let. for any Fear. 
Divide the Lear given by 4, (the 
Remainder gives the Year after Leap- 
Year, and it o remain it is I.cap-Year) 


to the Dividend 


add the Quot and 471713 js 1 
the Number 5 4288 e 
Divide that duun 5 7 


by 7, ſubtract the 72145 
Rae from 235 1 {434 cemains 
8, what remains 1 4. 

gives the Number 3 

of Letters from A. 1 — &. . 


80 D is the Oo. 
75 | minical 


78 Trader to the 


minical Letter for the Year 1713, being 
the firſt after Leap-Year. | 
N. B. Becauſe of the Intercalation ofa 
Day in Leap-Year at the 6th. Cal. Mart. 
(i. e. February 24th; ) Leap-Year has 
Two Lan the firſt reckoning from 
iſt January to February 24th, the other 
for all the reſt of the Year. : 
Io find the Dominical Letters for 
Leap. Jear. 

Find the Let- 


41722 gr . ter as if it were 
430 common Year, 
T and prefix to it the 


Letter immediate- 
ly after it in the 


79255576 remains. 
SEES natural Order of 


I. 2. 


= B. 


CB are the Domi. 
nical Letters for 
the Lear 17205 be. 


—̃ 


ing Leap- Vear. ; 
The Letters anſwering to the fir 
Day of every Month in the Kalender 
are the ſame with the firſt Letters of the 
Words 1 ia this Diſtich, 


Aſera, 


the Alphabet. So 


| Aſira, 


| January, 
| Gratia, ( 


July, 
Giv 


nical 1 


what 


Week 
ny Mc 


Fin 
the W 
to the 


firſt | 
Mont 


ſhall b 
22, 29 
Mont! 
Days 
Thi 
done | 
der. 
Fin 
on the 
ter im 
low 1 


the fir! 


IMontt 


nical Letter, to find 
what Day of the 
Week any Day of a- 
ny Month is. 


firſt Day of the 


Aſtra, Dabit, Dominus, Gratiſque, Beabit, Egenos, 
January, Feb · March, April, May, June, 


Gratia, Chriſticolæ, Feret, Aurea, Dona, Fideli. 
July, Auguſt, Septemb"* Ottob'*s Nov. Decembe. 


Given the Domi- 


| 


* 


: | Monday 
| Tucſday 
Saturday 


| Thurſday 


Find the Day of 
the Week bom 
tothe Letter of the 


QCOEFIRYE 


| © | © gut 


Month ; that Day 
ſhall be the I, 8, 15, 
22, 29 Days of that 
Month: The other 
Days are eaſily found. 
The ſame may be 
done by this Kalen- 
der. nn, 
Find the Month 
on the Top, the Let- 
ter immediately be- 
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win! 1 


ow it anſwers to 
the firſt Day of that 


Month: Find the Dominical Letter on 


the 


80 a to 1 


the left Hand, the Day of the Week a. 
bove the firſt Days Letter gives the firſt 
Day of the Month. Find the firſt Day's 
Letter on the left Hand, the Letter op- 
polite to it and directly above the gi. 
ven Day of the Month is the Letter for 

thar Da 


XX VI. Partita Circles are great 


Circles paſſing thro? the Zenith and 
Nadir, and any Point of the Globe 
taken at Pleafure. 

They are repreſented by the Qua- 
drant of Altitude, which is a Brazen 
Quadrant that is ſcrewed to the Zenith, 
and is moveable compleatly round the 
Cade. 


XXXVII. Circles paſſing thro? the 
Poles of any great Circle are called de. 


condarięs to that Circle. 
So Verticals are Secondaries to 
the Horizon, and Meridians are Secon- 


5 daries to the Equator. 


— 
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| Probl. K- ͤ 
O rectify the Globe for the 
Latitude of any Place. 


Elevate the Pole to A Latitude of 
the Place, and Screw the . of 


Altitude to the Zenith. 


Problems S on ; the Tere o & oh 
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To find the Longitude and 
Latitude of a given Place. 


Bring the Place to the Brazen Meri- 
dian, the Degree of the Meridian above 
the Place is its Latitude, the Degree of 
the Equator cut off by the Meridian is 
its Longitude. 


„„ Pall I. 1 
Glen the Longitude and Lati- 
\ tude of a Plice, to find 
thar Place on the Globe. 


Bring 
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82 Introduction to the 
Bring the Longitude to the Brazen 


Meridian, the Place 1 is below the Lati. 
tude. 


Proll. Iv. 


Places. 


Rectifie the Globe for the Latitude of 


one of theſe Places, bring the Quadrant 
of Altitude to the other, the Arch 


intercepted betwixt the TWO Places 


gives the Diſtance in Degrees, which 
multiply ed by 60, gives the Diſtance in 
enn Miles. | 


Definitions ſor the Celeſtial Globes. 
XXXVIII. Longitude is the Diſtance 


of the Sun or Star from the firſt Degree 


of v, reckon'd on the Ecliptick. 
XXXIX. Latitude is the Star's Di- 
ſtance trom the Ecliptick reckoned on 


the Secondaries to the Ecliptick, it is 


either North or South. 


Mata, 1 he Sun has no Latitude. 
| py XL. Declina. 


O find the Diſtance of Two : 


_ ww —_ 


6h 
towards the fame Part, viz. bot North | 


Uſe of Both Globes. 
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30 XL. Declination is the Diſtance of 


the Sun or Star from the Equator, rec- 
koned on the Secondaries to the Equa- 


tor. It is is either North or South. 


XLI. Right Aſcenſion is the Degree of 


the Equator, cut off by the Horizon 
when the Sun or Star is brought to the 


Horizon in a right Sphere: Or, becauſe ; 


in all Poſitions of the Sphere the Equa- 
tor is ſt ill perpendicular to the Meridian, 


Right Aſcenſion is the Degree of the 


Equator, cut off by the Brazen Meri- 
| dian, when the Sun or Star is brought 
to that Meridian in any Poſition of the 


Sphere. 2 


XIII. Oblique Aſcenſion is the Degree 
of the Equator cut off by the Horizon, 


when the Sun or Star is brought to the 


Horizon in an oblique Sphere. 


XLIII. Aſcenſional Difference is the 


Difference betwixt the right and oblique 


Aſcenſion. 


NM. B. If the Latitude of the Place 
and Declination of the Sun or Star be 


L 2 


or. 
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84 Luroducliom to the 
or bath South, the right Aſcenſion i 15 


ABvitæ properes anni 
' Harvel(t-Time is meant when the Sun 
being in L the Pleiades ſet col 
mically. 


the greater & contra. 


XIIV. The Sun or any Star i is faid | 
to rite when it comes to the Eaſt fide of 


the Horizon: And to ſet when it comes 
to the Weſt ſide of the Horizon. 
The Foers have a three fold riſing of 


the Stars, viz. Coſmic, Achronic and 


Helias. 


XLV. A Star is ſaid to riſe Coſmically 
So. & irg. 


when it riſes with the Sun. 


„ 
Caundidus auratiss perit cum hes annum 


Taarus, &c. i. e. When the Sun enters 


Laura. and they hoth riſe at once. 
A8 tar ſets Coſmically when it ſets at 
Sun-rifing or riſes at Sun- erding. 80⁰ 


Ving. ib. n 


4lnte tibi Eoe e Abfcontantar 


Debizaquam ſulcis committ as ſeminagpuanty,; 
em redereterre. 


XLVI. A Sterds ſa id to ile Adheoal- 
ally, when it riſes at Sun-ſetting. 


Et. 


Proxin 


Abe 
Ante t 


(rnoſp 8 
Debita 
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t Careo vobis ſeythicas detruſus in oras, 
uatuοf autumnos Pleias Orta facit. Ovid. 
The Sun being in Scorpio, the Pleia. 
es riſe achronically and ſet coſmically. 
A tar is faid to ſot aehronieally when 
it ſets With the Sun: So Ovid. faſt. L. 2. 
ue modo celatum ſtellis delphinavidehas 
fag iet viſus nodte fequente tuos, 
Febraary the 30, When theSun being i in 
quary, the Delphine ſers achronieally. 
Henee, the Sign, in which the Sun ts, 
iſes coſmically, and ſets achronically, 


achronieally, and in the Morning lets 
coſmieall 
XI. VII. The Heliac riſing ofa star 
s when the Star a 3 in View. after 
having been for ſome time loſt in the 
s 7 greater Light. So Ovid. faſt. L 2. 
Jam levis obliqua ſalſaait Aquarius urna 
Proximus ethereos excipe Piſcis quos 
About the latter End of February. 
Ante tibi Eoæ Atlantides abſcondantur, 
Gnoſiaque ardentis decedat ſtella coronæ, 
Debita quam ſulcis committas ſemina, &c. 
. | Virg. G. 1. 
ws N The 


and the oppofite Sign, at Night riſes 


86 Introduction tothe 
Ihe Sun being in Scorpio, the Pleiades 
ſet coſmically, and the Corona Sepien. 
trionalis ariſe heliacally. „ 
XLVIII. The heliac ſetting of a 
Star is when the Sun's greater Light ob- 
ſcures that Star. . 5 
Candidus auratis aperit cum corni bus annun 
Taurus, & adverſo cedens canis occidit aſtro, 

XILIX. Amplitude is the Diſtance of 
the riſing or ſetting Sun or Star from the 
Eaſt or Weſt Point of the Horizon. It 

is either Ortive, when the Star riſes, or 
Occidual, when it ſets. - 

L. Altitude is the Elevation of the 
Sun or Star above the Horizon, reckon 


ed on the Secondaries to the Horizon. 


LI. Azimuth is the Diſtance betwjzt 
the North Point of the Horizon, and 
that Point where a vertical, paſſing 

through the Body of the Sun or Star, 

cuts the Horizon. : 
 Heace, Verticals are called Azimuth: 
or Azimuth Circles, | 


Probl. V. 
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Proll. V. 


0 find the Sun's Place on the 


Ecliptick at any Time. 

In the Kalendar on the Wooden Ho- 
Frizon find the Day of the Month, and 
oppolite to it, on the Circle divided as 


and Degree the Sun is in. Find that 
Sign and Degree on the Ecliptick on the 
Globe, ſo you have the Sun's Place on 
the Globe. So April jo the San s Place 
5Y 20 . 


Prop. vr. 5 
0 find the Sun's Declination 
and right Aſcenſion. 


5 Bring the Sun's Place to the Brazen 
Meridian, the Degree of the Meridian 
„Ibove the Sun's Place gives his Decli- 
nation : The Degree of the Equator cut 
off by the Meridian, gives his right 
IAſcenſion. 

NM. B. The Co. latitude of any Plars 

„ b a to the Sum or Difference of the 
| Declina- 


the Ecliptick, you ſhall find the Sign 


* 
„ 


88 Tntrodudliontothe 


que Aſcenſion and Aſcenfiona 


ting, and the Length o of the Day 0 
and TR _— 


Dectination and Meridian Altitude, x acl R 


cording as the Latitude and Declination Tim. 


are roward contrary or the ſame Parts as th 


4 52 Probl. VII. : = 
O find the Sun's Ortive or that 
occidual Amplitude, obli 


Time 
the N 
ſettin; 
Difference. Or th 
Rectifie the Globe to the Latitude - Bri 


ol the Place, and bring the Sun's Place Meri, 


to the Eaſt (ide of the Horizon, the Di that 


| ſtance betwixt the Sun's Place and the 12 of 


Eaſt Point of the Horizon gives his Or- Sun's 


tive or occidual Amplitude, the De. the Ir 


gree of rhe Equator cur off by the Ho. lng, 
rizon is his oblique Aſcenſion ; fo the 


Aicenſional Difference is eaſily found, 5 
,, i 

O find the Hour and Minute] 
of the Sun's riſing and ſet. 


Redue 


act 


the Time of the Sun's rifing : And 6 b # 


that Time gives his ſetting ; double the 
Time of his riſing gives the Length of 


the Night ; and double the Time of his 


ſerring gives the Length of the Day. 


Or thus, = „5 

Bring the Sun's Place to the Brazen 
Meridian, faſten the Horary Circle on 
that Meridian, with the Index pointing 
12 of the Day, turn the Globe till the 
Sun's is on the Eaſt (ide of the Horizon, 
the Index fhall point the Hour of Sun- 


- 


ling, GG 


ET Proll. IX. „ 
10 find the Beginning of the 


Evening Twi-Light. 


Bring the Point of the Ecliptick, op- 


pofite to the Sun's Place, to the Weſt 
de of the Horizon, move the Globe 


\ 
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Reduce the Aſcenſional Difference to 
Time. So ht that Time (according 
as the Latitude and Declination are to- 
wards the ſame or contrary Parts) gives 
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90 urocluclion 40 the 
and Quadrant of Altitude at once, till 


that Point be elevated 18 above the 


Horizon: the Difference betwixt the 


Point of the Equator on the Eaſt Point 


of rhe Horizon, and the oblique Aſcen- 
ſion reduced to Time, and ſubtracted 

from the Time of Sun-riſing, gives the 
Beginning of the Morning Twi-Light; 


In like Manner may the End of the 


Evening T wi-Light be found, 


= robl. . 


{ol 1 the Sun's Altitude 
and Azimuth at any Time 
of the Day: Or his Altitude gi— 


ven, to find his Azimuth and the 
Hour of the Day. 


1. Reduce the Hour from 12 given, 
to Degrees of the Equator; bring the 


Sun's Place.t6 the Brazen Meridian, and 
turn round the Globe, 'til that Arch of 
the Equator paſs the Meridian; ſo the 
Quadrant of Altitude laid on the Sun's | 
Place, ſhall cut off his Azimuth on the 
Hor izon, 


Horiz 


his Pla 

1 
zen V 
Quadr. 
Sun's 


the Di 


ſion an 
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from 1 
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Azimi 
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| EHorizon, and ſhew his Altirude above 


his Place. 
2. Bring the Sun's Place to the Bra- 


zen Meridian; Move the Globe and 
Quadrant of Altitude at once, 'til the 
Sun's Place be on the given Altitude, 


the Difference betwixt the right Aſcen- 
Joff by the Meridian, gives the Hour 
the Azimuth on the Horizon. 
by Help of the Horary Circle. 


The Declination, right and oblique 
> YAſcenſions, Amplitude, Altitude and 


Azimuth of ſuch fixr Stars as riſe and fer 


are found after the lame Manner. 


. VVVVC Prodl. XI. 
e T0 find the Longitude 1 
Latitude of th fixt Stars, 


i Y Elevate the Pole to the Altitude of 
© Y66* 30, bring the Pole of the Ecliptick 
Ito the Brazen Meridian, ſcrew the Qua- 
e drant of Altitude to the Zenith, and 
bring 


1, N M 2 


ſion and the Degree of the Equator cut 
from 12; and the Quadrant cuts off 


The Two laſt Problems may be done 


ere 
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9a Tntrodudlion tothe 
bring it to the Star propoſed, the De. 


KI ˙ A K e 
err * 


gree of the Quadrant above the Star 
gives its Latitude, and the Arch of the 


Ecliptick cut off by the Quadrant give; 
its Longitude. 


N. B. All Stars, whoſe Declination 


| 1s towards the ſame Parts with the La. 
titude of the Place and leſs than its | 


Co: latitude, riſe and ſet, otherways mY 


never ſet. 


| Probl XII. 


T find the Continuation of 


any fixt Star above the 


Horizon. 


6 h f the Star's AſſenGonal Difference, 
according as its Declination is towards 
the ſame or contrary Parts with the La- 
titude of the Place, gives © its Continus- 
tion above the Horizon. 


_ Probl. XI. 


8 


j 
9 
| 


to the Meridian. 


Continuation gives its ſetting. 
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Probl. XIII. 


the Sun and any fixt Star, 
to find the Time of that Star's 
Culminating, z. e. of its coming 


—— 


Ahlen the right Aſcenſions of 


The fixt Star's right Aſcenſion (4.360* 


if need be) — the Sun's right Aſcenſion 


gives the Diſtance from 12 of the Day 


to the Time of Culminating, 
Probl. XIV. 


I Iven the Time of Culmina- 


ting of any Star and p its 


Continuation above the Horizon, 


to find the Time of that Star's 


riſing and ſetting. „ 
The Time of Culminating — + its 
Continuation gives its riſing, and q f its 
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94 Titroduction to the 
Prall. XV. 
O find the Degree of the 
Ecliptick which riſes or 


ſets with a given Star, and to find 


the Time of that Star's riſing or 


ſetting coſmically and achroni- 


cally. 

Bring the Star to the Eaſt fide of the 
Horizon, ſeek the then riſing Point ol 
the Ecliptick on the Wooden Horizon, 


and in the Kalendar adjoined to it you 


ha ve the Time of the Star's riſing coſ- 
mically : The then ſetting or deſcending 
Point of the Ecliprick gives the Time 
of the Star's riſing achronically, &. 


Probl. XVI. 
O find the Heliac riling and 


letting of any Star. 


Bring the Quadrant of Altitude to 
the Welt ſide of the Meridian, the gt 


ven Star to the Ealt lide of the Horizon 


and 


and th 
Quad! 
the Ec 
vated 
deprel 
oppoſi 
ſhews 
heliac 
nitude 
Th. 
the T. 
If t 
tude, 
third, 


or wit 


1 


and the 12th Degree of Altitude on the 
Quadrant to the Ecliptick, the Point of 
the Ecliptick below that Degree is ele- 


vated 12* above, and its oppoſite Point 


depreſt 125 below the Horizon; that 
oppoſite Point on the Wooden Horizon 


ſhews in the Kalendar the Time of the 


heliac riſing of any Star of the firſt Mag- 
nitude. 

The Converſe of this Operation gives 
the Time of the heliac ſetting. 

If the Star be of the ſecond -Magni- 
tude, allow 13* of Deu, ; if of the 
_ 145 Ge. 


Plain Dialing 
By the GLOBEsS. 


IALS take their Names from 


the Circles of the Sphere to 


which their Plans are parallel; 
Or with whoſe Plans they coincide, 
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I. The Hour. Lines are the common 


Sections of the Hour-Circles of the 


Sphere with thoſe Plans. 
II. The Stile or Gnomon is a Line pa. 


rallel to the common Section of the 
Plans of all the Hour-Circles of the 
. - +, i e. parallel to the Axis of the 


orld. Hence, 

The Elevation of the Stile above the 
Dial-Plan muſt be always equal to the 
Elevation of the Axis of the World a- 


bove the Plan of the Circle to which the 
Dial. Pla n is parallel; and the Stile muſt 


always be dir etted towards the elevated 


III. A Horizontal Dial is whoſe Plan 
is parallel to the Horizon. 
LV. AVerucal Dial is whoſe Plan co. 


incides with that of ſome vertical Circle. 


V. A Direct Erect vertieal Dial 1s 
whoſe Plan is perpendicular to the Ho- 


tizon, and whoſe Face tooks direct 
South or North. | 

VI. An Erect decltning vertical Dial] 
is whoke Plan | is . to the 


Ho- 


Hor! 


Sout 
"= WF; 


plan 
falls 


——— — ͥꝙ — F. ͤũ — — —— —— 


Uſe of Both Globes, 97 | 1 
Horizon, but its Face declines from 
South or North Eaſtward or Weſtward. 
VII. A Directreclining Dial is whoſe 
Plan looks directly South or North, but 
falls back from the Zenith. 
VIII. A Direct reclining vertical Dial 
F whoſe Reclination is towards the fame 0 
parts with the Latitude of the Place, 1 
and equal to the Co-Latitude, is calld 
a Polar Dial, its Plan paſſing through 
the Poles of the World. 5 1 
IX. A Direct inclining vertical Dial 5 i 
is whoſe Plan looks directly South or 
North; but makes an acute Angle with = 
the Horizon. 3 | 
KX. If the Latitude of the Place and 
the Inclination of the Plan be towards 
. | contrary Parts, and the Inclinat ion equal 
to the Co. Latitude, that Dial is called 
an Equinoctial Dial. „ 
. VNV. B. Every Dial-Plate having Two 
j Faces, it is plain the upper Face of the W | 
Equinoct ial Dial ſhall have irs Reclina-a © 
tion equal to the Latitude, and the un- _ 
eder Face of the Polar Dial an Inclina- 
tion equal to the Latitude. OE 
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XI. From what has been faid, it may 


be eaſily known what is meant by re. 
lining declining, and inclining declining 


c, but der 


r che - 


vertical Dials, 
XII. An Erect wertical Dial whoſe 


Face looks directly Eaſt or Welt, is cal. 
led a Meridian Dial. 


XIII. The Subftilar i is the Line in the 
Dial-Plan, upon which the Stile is ſet : 


It is the common Section of rhe Dial- 


Plan and the Plan of a great Circle paſ- 


| ſing thro? the Poles of the World and 


\- thole of the Plan. | 
P- 00l. l Fig. 
O find the Inclination fot 4 
Plan. 


Let a» be a Plan Jnckie's | tothe Ho- 
rizon H x, apply to the Plan a B a Qua- 


drant p c r, ſo as the Plummet c E may 
ſtrain the Surface of the Quadrant, ! 


ſay the Arch DE is the Meaſure of the 
Le of Inclination AB H. Draw BG 1 
HR, becauſe EB, the L ECF 
GBH both being 
right 


| righ 
| 


Due Rab Glas. 99 
right L*, the LDG P- gcF=cGBn 
| —C3G, that is, DCE=ABH. Qt. D. 


Pa Figand 
oO find the Reclination of a 

Let A B be the reclining Plan. Draw 
36 LHR, repreſenting the prime ver- 
tical; ſo AB & is the Angle of Reclina- 


tion. Raiſe xL Las, apply a Qua- 


| drant cp to KL; ſo as the Plum-Line 
CE may (train the Face of the Qua- 
| drant, I ſay DE is the Meaſure of the 
Angle of Reclination A8 6. 

In the right angled Triangle N K 
the L® BNxX4NnNBK= a right Angle 
=DCF: But, becauſe EIB G, the 
L* ECF= BNK, therefore Dc E= 
NBK- . E. D. n+ 


= | Probl. HE Fig. 34. 

= Jo find the Declination of any 
203-24 © le. - . 

3 „ 1 Take 
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loo Introduction to the 
Take a Piece of Board, whoſe upper 
Surface is a right angled Parallelo- 


gram as DB, on it deſcribe a Circle 


C Xx z; onthe Center c ereQ a pin per. 


pendicularly. Draw r GIB R, L B E. 
IL NI FG, and place the plan Ds ho- 
rizontally with the ſide 3 E applied to 


the Dial- Plate: Obſerve when the Sha- 


dow of the Top of the Pin 1s on the 
Periphery of the Circle as at = in the 


Forenoon, and at x in the Afternoon 


the ſame Day; biſect the Arch x = with 


the Diameter K L, t is mm K L is the 
Meridian, and Xx LN KMA is the 


Angle of Declination. 


Prob.. IV. 
O find the Diſtances of the 
Hour-Lines on a Horizon- 
tal Plan. 


It is plain the Brazen Meridian le- 


preſents the Line of ES. 


Rec ifie the Globe to the Latitude of 
the place, bring the Equinoctial Colure 
0 the Brazen u Meridian, turn tne Globe 


"Welt | 


| Weſt: 
the M 
interc 
| Colur 
| form” 
of 1a 


Place. 


0 Uſe of Both Globes. 1 
Weſtward, 'till 15 of the Equator paſs 


the Meridian; the Arch of the Horizon 


| intercepted betwixt the Meridian and 
 EColure, is the Meaſure of the Angle 
form'd by the Line of 12, and the Line 
of x at the Center of the Horizon: Again 


turn the Globe Weſtward, till 30“ of the 
Equator paſs the Meridian, ſo you have 
the Angle of the Lines of 12 and 2 as 


before. 


The ſame Hour Diſtances ſerve for 


the Forenoon. 

Ihe Subſtilar is the fame with the 
Line of 12, and the Elevation of the 
Stile is equal to the Latitude of the 
ee | 


P. obl. v. 


Plan. 


Rectify the Globe to the Latitude of 


the Place, bring the Equinoctial Colure 


to the Brazen Meridian, and the Qu na- 
drant of Altitude to the Eaff Point of 


the 


* - 
4 


* 
> *, 
— — _ — — _ 
—— — — Wen 3 
8 


0 find the Hour-Diſtances 


on a direct erect vertical 
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„ 


the Horizon, turn the Globe Eaftward, 
*rall x5? 
dian, the Arch of the Quadrant inter- 
| cepted betwixt the Meridian and Co. 
lure is the Meaſure of the Angle of the 


of the Equator paſs the Meri 


Line of 12, and Line of 11 at the Cen. 


ter of the vertical Circle, &c. 


The ſame Hour - Circles ſerve for Af. 5 ul 


ternoon. The Subſtilar is the ſame 
with the Line of 12; and the Elevation 


of the Stile equal to the Co-Latitude. 


Direct reclining vertical Dials are the 
ſame with dire& erect vertical Dial, 


in a Latitude equal to the Lati- 
tude of the Place + the Reclination aC- 


_ cording as the Reclination is towards 


the ſame or contrary Parts with the La. 
titude. 


The ſame holds in 2 inclinin 
vertical Dials. 


Prog. VI. 


0 find the bia ce all 
an erect declining vertical 


Plan 


x] 
Politi 
Colur 
the A 


Plan : Declining 
Weſtward, ſuppoſe 257. 


U of Bath Globes. 64 
South 


Rectify the Globe to the Latitude of 


from 


the Place, bring the Quadrant of Alti- 
tude to 25 of the Horizon (reckoning 
from Eaſt toward South) and bring the 
Equinoctial Colure to the Brazen Me- 
ridian ; turn the Globe Eaſtward, til 
115? of the Equator paſs the Meridian; 
the Arch of the 
betwixt the Colure and Meridian is the 


Quadrant. intercepted 


Meaſure of the Angle made by the 


Line of 12 and Line of 1 at the Cen- 


ter of the Declining Plan, Cc. 5 

2. Bring the Quadrant to 25 of the 
Horizon from Weſt Northward, and 
the Equinoctial Colure to the Brazen 
Meridian; turn the Globe Weſtwardm, till 
15 of the Equator paſs the Meridian; 


ſo you have, as before, the Hour-Di- 


ſtance from 12 to 1, GC. = 

3 Keep the Quadrant in the fame 
Polition, bring the Equincctial 
Colure to 25* from South Weſtward, 


Wie Arch of the Quadrant cut off by the 


Colure 


104 Introduction to the 
Colure gives the Angle made by the A 
Subſtilar and Line of 12; and the Arch the f 
of the Colure intercepted betwixt the mon 
Quadrant and Pole of the World gives dow 
the Elevation of the Stile. 1 

We ſhall refer declining reclining, Þ 12» 
and declining inclining vertical Dials, ¶ equa 
til we come to the Projection of the 15 the 
Sphere, as being more eaſily done that 
Way. Ls 

5 


Probl. VII. Pig. 35 
þ ' 1, deſcribe a Polar Dial. 


Draw the Horizontal Line u K, upon 
which raiſe the Perpendicular p 12 to 
any Length; upon 12 as a Center with 
12 Das a Radius, deſcribe a ſemicircle 
NDL, which divide into 12 equal Parts, 
through the Center 12 and each Divi- 
lion, draw Lines 12 B, 12 F, Cc. 50 
you have the Hour Points E, F, 6, k, &. 
on the Horizontal Line uk; Lines 
drawn thro' theſe Points, parallel to 1: 

o are the Hour- Lines. ; 


e — — 7 
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A Pin, erected at Þ perpendicular to 
the Plan and equal to 12 p, is the Gno- 
mon, pointing the Hour with the Sha- 


| dow of its Top. 85 
| Ora Plate erected perpendicularly on 

12D asa Subſtilar, having its Altitude 
equal to 12D, and its upper ſide || 12 5 


is the Stile. 


Draw the Horizontal Line Mm B, and 
make the Angle MB equal to the Co- 


Latitude of the Place, ſo B is the com- 


mon Section of the Equator and Meri- 


dian Plan, raiſe DEL ye, and in it 


take any Point c for a Center, and on 
it, with op as a Radius, deſcribe a 


Semi-Circle N DL, which divide into 
12 equal Parts, ſo you may have the 


Hour-Points E, F, cz. in the Line BP; 


the Hour-Lines are Lines drawn thro? 


theſe Points parallel to cv. 


— 1 The 


- 

* 
1 — PESS 
D OE 


Perl. VIII. Fig 36 
T0 deſcribe a Meridian Dial. 
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106 Introduction to the 
The Stile is a Pin, equal to cd, ere- 
Aecd perpendicular to the Plan at p, as 

in the Polar Dial. 

The Problems of the Sphere may be 
ſolved by Spherique Trigonometry ; by 
it too we may calculate the Hour-Di- 
itances on the ſeveral Dial-Plans; which 
Calculation we {hall refer to the Pro- 
ject ion of the Sphere on the Plan of the 
Horizon. 


2 The SOLUTION ol 
moſt Problems of the 
Sphere by - 


Tri igonometry. 


1 Pal. [. 
0 find the Sun's Place in 
the Eeliptick. 


Es: 


A be 


82 


Keep in Mind the Days on which the 


| Sun enters the ſeveral Signs, which are 
I . 


Mr 10. 4p. 9. May 10. Jon. ok 


E ne 

: Jul. 12. Ang. 12. S. 12. 0.; 12. N. 11 
ow | 

D. II. Jan. g. F. 8. 


If, at the Day given, the Sun heck in 


| the Sign proper to the given Month; 
ſubtract the Day the Sun enter'd that 
Sign from the Day given; n 
the Remainder into 59 8 


0 . ” 


do you have the Degree 


of that Month's Sign the 59. $ 
Sun is in. So Auguſt 25 the 


Sun is in * 125 46 44 or 


2 — 13 and 151 1 31 20 


590 8“ —_ 12* 1 44: | 8 20 
12 48 44 
Fs: "——m 
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| Tutrodudion to the 


_ 


If the Sun be in a Sign different from 
the proper Sign of the Month, from 


1 5 
„ ing Month ſubtract the Þ 
19 Day of the Sun'sentring Þ 
4 6 into that Month's Sign, 
25 to the Remainder add 
e the Day of the Month 
59 given; that Sum multi 
— plyed into 59 8 gives 
+ 55 49 the Degree the Sun is in. 
38 09 80 Auguſt 6. the Sun 
. is in Leo 24 36 20 fo 
A 24 38 20 31 —121 6x59 87 
* 38 20. 
Lemma II. Probl. II. 


Point. 


drants, thus - 


the Number of Days 


contain'd in the ans F 


Lew the Sun's Place, to find 
the neareſt EquinoGtia 


Divide hs; Eeliptick into 4 Wn 


I. ; 
N. 
N. 
If 


n 


While 


1 


E 


Uſe of Both Globes. 
While the Sun is in the firſt and laſt 


| Quadrants, V is the neareſt Equinoctial 
Point, and when in the middle TWO =, 


In the firit Quadrant the Sun's Lon- 


gitude is the Diſtance from the neareſt 
| EquinoCtial Point. 


In 2d Q. 180' — © Longitude is the 


Diſtance. 
In 3d Q. O“ Ln — 180i is che 
Diſtance. 


In 4th Q. 360”. BER o. Longitude is the 


Diſtance. 


Probl. III. Fig. 37. 


O find the Sun's Declination 


and right Aſcenſion. 
Let Ey be the ſolſtitial Colure, 
Q the Equator,s V the Ecliptick,o the 


Sd s Place, v © or = © his Diſtance from 


the next EquinoCtial Point; D» a 


| Meridian paſſing through © the Sun's 
Place, Lis plain v S. Y os: 


a * 
S E. O D, that! 18 R. Diſt. O ak D. 4. ; 


"Equinodt, : ; greatelt Decl. 


to the preſear Declination. 
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110 Introducſion to the 
2. ES. DO: : VE. V Dthat is ores * 
teſt Declination. *Declination: 1 
R. Diſt. ab Equinoct. on the Equator, cenſio 
In the iſt Quadrant vp is the right * 4 
Aſcenſion. 
In 2d Q. 180˙— vp is the right Af- 
cenſion. | 3 
In 3d Q. 180791 vp is the right Af (3 
cenſion. | 
In 4th Q. 360* —vD is the right Al 
nian 


b 29. 


titud 

8 Azim 

I. - Be 23. Þ ＋ 

O find the Sun's orti ve or oc- rk 
cidual Amplitude, and his 


ſought 
A ſcenſional Difference. = 


Let 2 HN be the Meridian of the 
Place n x its Horizon, E Q the Equator, : 
Cv the Ecliptick, © the Sun's Place; 

draw the Meridian p, that cuts of 
the right Aſcenſion at 4, and F the Point 
of the Equator that comes to the Ho- 
rizon with the riſing Sun cuts of the 
oblique Aſcenſion, ſo x4 is the Aſcen- 
ſional Difference, nd 1 F Othe Am e 

9 


e of Buth Globes. 
it is plain R. O 4“: k. Fd, 
...e. co-Lat. Decl. :: R. Aſ- 
| E Diff and & M , 28. 
RK FO. | 


Probl. V. pig 39. 


Declination, and the La- 
titude of the Place, to find his 


Azimuth. 
In the Triangle vo 2 we have given 


5 ſought the Angle Pp Z © the Azimuth, 
4785 PLXPO-LoPL 

c = — — 

r K 

1 


PT 


Ti 3c0-dec], + C0-alt, , 8 dec. — Co-alt. "co-lat. 


a 2 
. : 195 12 
* coat. X 5 co- 8 Aa . 7 


05 . 1 Probl. VI. 


— - f 
- 8 — Th 50 
ay . * Nee mags 
4 2 2 — _ n * 2 
AA — Lo 2 — — 


N * 


leen the 8 8 Alticuds and 


ro the Co-Declination, 20 the Co- 
Altitude, and p z the Co-Latitude, 


. — And X R —PZG that is l 


W 3 — 1 N 


* . 46 
. p —_— , 
8 = 

— 


8 = mas — . — 


1 
Fr F 
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5 ben the Sun's Altitude, Azi- | -: 


r. V. 2 O: 20 Zero the Mar 


found, and p N is equal to the Co- L- 
titude of the Place, ſought the Ange 


Probl. VI. Fig 39, 


muth and Declination, to _ — 


find the Hour of the Day in any *- 
given Latitude. „ 
| In the Triangle e zo, o = 


{ure of the Hour from 12. 


„„ . Fig. 40 

O find the Beginning of the 
Morning and Ending of the 
Evening Twi-Light. | 

The Depreſſion q o and Declination 
4 being known, N o and p © are eaſi) 


oN, the Meaſure of the Hour from 
Mid-Night. EE. 


S NO 


0 
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Prod. VII. Fa mma. Fig 41. 


O find the Declination of 


any Star by Obſervation. 


8 ng be the Horizon, x q the 
Equator, y the Pole of the World, 2 
the Zenith, s, , = or / the Star, ob 


ſerve the Star 's Meridian Altitude H s, 
as, R/, RE, tis plain HS—HE— 


Es the Declination North, HE —Ho 
—=£0, RT RP PZ the Co-Declina- 


tion, and x- RA the Declina- 


tion. 
Probl. IX. Lemma. 


Iven the Sun's right Aſcen- 
hon, to find the right Af- 


PF: : enten 


c 7 


* * = INE; 2 n ee 4 a. 4 
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. OG 83 
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414 Intracluclian to the 


cenſion of any fixt Star by Help 


of a Pendulum Watch. 
When the Sun is on the Meridian, 


ſet your Watch at 12, obſerve the Hour 


and Minute when the Star comes to the 


Meridian, that Time reduced to De- 


grees of the Equator, is the Difference 
of their right Aſcenſions. 


Probl. X. Fi g· 42. 


ben the Declination and 
right Aſcenſion of any Star, 


to find its Longitude and Lati- 
tude. 


Make E Q the Equator, c L the Eclip- 


tick, p and 2 their Poles and s the Star, 
its Declination a $ being given, Fs is 
known and go* — VA the right Aſcen- 
ſion — EA — E Z P S. | 


In the G z PS, R. 1 2p 8:: 


2.33. IN. e 
hg Trig. P S. 'X,P Z * *:? 28. 28 f. 
© 40. Lig. 2 8 . Z E: 22. 2s the Co- 

5 Latitude. Alſo 2 8. 2 PS.: 
es. PZ s the So-Longitude. 


Probl, XI. 


Probl XI. Fig. 43. 


O find the Aſcenſional Dif. 
ſerence of any fixt Star, and 


conſequently its oblique Aſcen- 


| fon and Continuation above the 


Horizon. 


It is plain o a is the AfcenGoagd Dif. 


| ference, and s being the Star on the 
| Horizon Hf x, and PSA being the Se. 


condary to the Equator Ed, 2 . 


SA: R 0 A, 1.8. cot Lat. Decl. 
Afenſional Difference. 
That Aſcenſional Difference 18 


ted from the right Aſcenſion of the 
Star, if it declines toward the elevated 
Pole, or added to it, if other ways, gives 


the oblique Aſcenſion. 
The ſame Aſcenfional Difference ad- 


ded to or ſubtracted from 90, accor- 


ding as the Declination is towards the 


elevated or depreſt Pole gives the Semi- 


diurnal Arch of that Star. 


In the ſame Triangle the ortive Am- 


plitude os 1s is eaſily aud, 
3 Probl. XII. 


Uſe of Both Globes. 115 


Introduclion to the 
Probl. XII. 


116 
Fig. 44. 


Guben the oblique Aſcenſion 


of any Star, to find its 


coſmick and 34 rifing. 
Let s be the riſing Star, In the 4 

V OA, we have given vo the oblique 

Aſcenſion, the L* ov a — 23* zo and 


EO A the L*®of the Equator with => 


Horizon. And R. vo: „ oa. ® 


FO AG Tx v0, Va, Ea 


Point of the Ecliptick that riſes with the 
Star is known,when the Sun then comes 
to that Point the Star riſes coſmically, 
and when he comes to the oppolite 
Point he riſes achronically. In the ſame 


Triangle the L*y ao is cally found. 
Fig. 44. 


Pr bl. 11, 


O find the heliac riſing and 
ſetting of any Star. 


Let p be the Sun's Place while the 


Star 8 riſes heliacally. In the 1 riangle 


Ap right angled at x, we have given 


FN the Depreſſion and che LFA that 
| the 


Its Ce 
aPPCa 
Surta 
of th: 
Circl 
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| the Ecliptick makes with the Horizon, 


and FAD. FD:: R. A D, ſo VA TAD 


y b gives the Sun's Place when the 
Star riſes or ſets heliacally, 


Spheric Geometry. 


Containing 


The Stereographic and 
eee Proje- 


_ tions of the Sphere. 
| Definitions. 


ſents the ſeveral Circles of the 
Sphere, on a Plan paſſing thro? 


its Center, in ſuch Sort as they would 
appear to the Eye were it placed on the 


durface of the Sphere, and at the Pole 


of that Circle on whoſe Plan the other 


Circles are projected,  U. That 


ene Projection repre. 


HS Spheric Geometry. - 
II. That Circle, on whole Plan the 
other Circles are projected, is called the 


Primitive Circle. 


N. B. It is pla in that all the Rays that | 


paſs from the Eye to all the Points of 
the Periphery of any Circle, whether 
parallel or oblique to the Primitive, form 


a Cone, whoſe Baſe is that Circle, its Ver- 


tex the Eye, and its Axis a right Line 
joining the Eye and Center of the Circle; 
and conſequently if the Circle be pa. 
rallel to the Primitive the Cone is right, 
if not, it is oblique. 

III. The Line of Meaſures of any 
Circle is that Line in the Primitive 
Circle, in which the Center of that 
Circle, when projected, is found. 


Lemma J. Pig. 45. 


Ice aB o c be cut by a Plan pab 
thro' us Vertex A and the Dia- 
meter — its Baſe Bc, the Section thal 
be a Triangle. 

For the Diameter 3 C is à 


4. 18.e. ri. 
sern right Line, and ſo are AB, Ac, 


for the· Cone may be deſcrib'd by either. 


* 0, Cc. Cor. 


wher! 


ale th 


Spberic Geometry. 11 9 
Cor. Hence the Axis, being a Line 


oining the Vertex and Center of the 
l Baſe, is in the Plan of the Triangle. 


1 i Fig. 45. 


T* Cone AB O c be cut by a Plan pa- 


rallel to its Baſe the Section eg 


ſhall be a Circle. 


Make ꝝ the Center of the Baſe, then 
is AF the Axis, and A B C a 


Tem. prec. 


Triangle; make eg ||Bc the „ 4. e. 6. 


Diameter of the Section, cut- 

ting the Axis at i, draw 24 o x, then is 
Ar. r: Ai. i bt ws FC FB. ig. ie 
Xe. AF: ig. Al & But FB then i gie. 
Again AF. or? e n. ei. il. 


and BE. AF:: ef. A! 


But B FOr, therefore e i Hi g. 
wherefore e 4g h is a Circle. 


Lemma III. Fig. 46. 
F a ſcalenous Cone A x c be cut by 
a Plan kH DIL A BC, the Flan of the 


| on tlirg? the Axis, and in a ſub- contrary 


Fos 


Me 2 Mr Ie" a . N 2 YR 
= N 4 X PET * e * 8 n 2 8 — . . 
SS PR ᷣͤ os oe I TS as 2; —_— 18 "— g 2 - 
—ů—ů . S A 7, Log 21 8 b * 
7 C c * 3 n ops; "Ou 
2 * 7 s * — 2 "I " . — : * % of 
D : 4 he — 7 Heme 


— — ———ů — — 
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Poſition to the Baſe, 1. e. ſo as the A 
ADE be ſimilar to ABC viz. the L AED 
Lac, Gr. the Section E H o is a 
Circle. | 

Draw the Plan + H G LABC hs Plan 
of the a" and B Kc, fo'is 


2 p 
Regt FH Ga Circle: The common 
© Hyp. Section of the Plans EH, 
246 rs and EU 


54. e. 6. N Ales 
f 16. e. 6. Now the ABC, ADL 


g 5 12. "Arg are ſimilar; therefore the 
Wh Abe EI E is 3 to DI G,and 


DI. 1 G.:: FI. I E. and DI X 1E=F11 


I G'=I Ga, therefore k Heis a Circle, 


2. k. P. 


Prop. I. Fig. 47, 48 
Very Circle on the Sphere, whe- 
ther parallel or oblique to ths 


Primitive, is a Circle in the Projection. 
Make 3 c the Circle to be projected 


on the Plan of the Primitive Eq, atwhoſe 


Pole a ſuppoſe the Eye to be placed; 
then ſhall B be projected into b, ande 


into 6-3 und becauſe AD == Ac the 


£” A © D= 


"FI Geometr PF, -..- a 


LacDd—ABC, therefore the B C 
is ſub- contrarily cut by Dc or b c,there- 
fore be i is a Circle. 2 E 


. II. Fig. 49. 


T Diſtance of the Center of any 
great Circle from the Center 


of the ne is equal to the Tan- 


gent of its Elevation above the Plan of 
the Primitive. 


Suppoſe the Eye at a, projecting the 


Circle 8e on the Plan of the Primitive 


' £6, the Point ; appears in the Line of 
Meaſures at b and F6=TzBrm the 


point c appears at c, and F. | 
r: HFC and B Ac isa right Bar P. . 
Angle. Biſect bc the proje- » bor © 
ted Diameter at 7, that 1s 

the Center of the projected <2.6.P. 4. 
Circle ab H and Fr = BFE 7 83 


the Elevation of BC above E © J. | 
the Primitive. | 
For, cauſe, KFL be, the A ba F; 
F ac, ba care ſimilar, and 2B enf=b AF 


=A 6 F=7A VF, therefore BF H==A 7 E, 


. there- 


8 
= 1 
4 : 
F 
4 
; 
v1 
$ S 
4 = 
1 
14 
+ 
1% : 
= 4 
BW. | 
7 
a 
| 
* «ic 
"Wt 
$. 7 
2M; 
7 


2 
Red: 


— 


ge —_ . 
— 
* «„ % DR S 


DEE 
TP 


. 4. 
5 MG ts A A 
A r e BU. vs YE. 5... 
s — — 2 * * 


1 


„ IR es ne nn, 
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therefore their Complements are equal, 


viz, BFE FAT Whole Tangent i is 
ri. OE - 


Cor. 1. The Radius the projected 


Circle is equal to the Secant of its Ele- 


vat ion above the Plan of the Primitive 


ö 


2. br the Ba ce of the projected 


Cirele from the Center of the Primitive 


on the Line of Meaſures :=b a F L 


BFH the Co-Elevation. 


Set off HM BE, draw the Dia- 


mater Im, that ſhall be the Axis of BC 
and 1% mn, its Poles, join a”; 
the Pole ſhall appear in the Line of 
| Meaſuresatyand ry its Diſtance from 
the Center of the Primitive =' a? 
Elevation 
4. Hence, The Pole of any great 
Cite falls always betwixt the Center 
of that Circle and thar of the Primitive, 
Praxis in projecting oblique great 
Circles reckoning the Diſtances from the 
Center of the Primitive, then the Di- 


ſtance of the Center — Elevation, the 


Diſtance of the Pole Elevation, the 
Diſtance 


it is pla in 
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Diſtance of the projected Circle on the 


Line of Meaſures = £ Co- Tangent and 


the Radius — Secant of the Elevation. 


Prop. III. Pig. 50. 


Even, great Circle x to the Primitive 


is projected into a right Line, and 
is * on the Line of Semi- Tan- 
gents. 

Suppoſe the Eye at A, projecting the 
Circle x H & upon the Plan of the Pri- 
mitive EG, the Points E, , P, k, in, 
appear to the Eye at F, 4, b, d, e, there- 


fore the whole Arch = 4G ſhall be pro- 


jetted into the Line EG. But Fr 4 
FA@= HF Ao. Q. E. D. 


Prop. IV. Fig 5 


THe Diſtance of the Center of a leſ- 
ſer Circle, whoſe Pole 1s in the 
Plan of the Projection, from the Center 
of the Primitive, is equal to the Secant 
of the Diftance of that leſſer Circle from 
its Pole, and its Radius is equal to the | 
Tangent of that Diſtance. : 
A Let 
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Let the leſſer Circle ; c be to be pro- 
jected by the Eye at a, upon the Plan 
E &, in which Plan the Pole & of the 
leſſer Circle is found. It is plain & c ſhall 
be the projected Diameter, which biſc- 


cted gives : for the Center, 10 i for 


the Radius. 8 1 | 
The BH, eFH, having the I“ 
at '; and *F right and the Len 


| A IT. 8. | ; . O | 5 3 
4. 6. P. 4. common, are ſimiilar, then 
Trig. we have LIF BH FAB 
5. E. Io 


Da right LHB Bx B i, there- 
fore 3 i the Radius 1, is the Tangent 
and Fi the Secant of Beg, Q. E. D. 


Prop. V. Fig. 52, 54 

'2 deſcribe a leſſer. Circle, whole 
1 Poles are not in the Plan of the 
Prop. i: 
Let the Circle Bc be to be projeCted, 
by the Eye at 4, on the Plan EG; 6 
ſhall be its projected Diameter, which 
biſected gives 4 for the Center. It 5 
plain F b Fc are the ä 


PSB IBC; But bBIAIiB- 


cular II. as at K. 


Sober; ic Cd 1 25 


the Arches nn, CH, i. e. of the Di- 


ſtances of the Extremitics of its Diame- 


| ter from the Pole of the Primitive. 


Prop. VI. Fig. 35. 
I. Two Circles cBF, ABI, cut each 
other at 3; the LI made by the 


| Circles = L* a C made by their Radii 
| at the Point of Interſect ion z. 


Draw the Tangents BD, BE. Be- 
cauſe the infinitely ſmall Parts of the 


| Circles at x, coincide with sÞD, BE, 


therefore the curved Angle FBI=DBE 
=the right LDE C= the right 
LEBA- EBC CBA. . E. D. 


5 Prop. VII. 
ALE great Circles paſſing thro the 


Point “ have their Centers in the 
Line 1L L x 1 the Line of Meaſures to 
the Circle AH 1 Circle EG and paſ- 


ling thro? I its Center. I ſay the Center 
of the Circle QbR is in the Perpendi- 


On 


Fig. 53. 


For all great Circles 


| Spheric Geometry. - 


on the Sphere cutting each 
| other at Points diametrically 
oppolite, their Repreſentatives in the 
Projection muſt cut at the ſame proje- 
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ie. 


ted Points, ſuppoſe &, c, now the a. 


K 1 b, Kk ic have the LV at 


d. I 5. e. T. 


radii and k the Center of the Circle 
a.. . „ 
Schol. The Diſtance i K of the Cente 
x from / the Center of the Perpendicular 
AbH is the Tangent of the L*n/k 
3 anſwering to the Radius 1, 
for ix = the Tangent of the 
* fog ibx—L" Hb Re 2. E. D. 


Prop. VIII. Pig. 56 


| e Angles made by Circles on the 
Sphere are equal to the Angles 


made by their Repreſentatives on the 
Plan of the Projection. | 
Suppoſe the Eye at a projecting th 
L RBS onthe Plan RF; draw BD, BC 
Wie Af þ 


i right, 1“ ic and i x com- 
mon, therefore x C, K c being equal are 


er. I ſay the LI DPS 
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The Plan p c, made by the Tangents, 
and E F are both x. to the Plan of the 


Circle BQ a, therefore their common 


Section Dc is I to that Plan. The Eye 
at A projects p into DF, and CB into 


| 1 . \ 1 C * 
L*pBc. Draw Bq EP join - ſeq . 
A The L*pBaf—aQqQsB 29. e. 1 
SAB G = BFD, therefore | 0, & . 
5 . * 4. 1. 
DB. == DF. In e By 1 | 
cor the L at p are right; DB =DF 


and c p is common, therefore 'L*p x c 


=L p86 C5 2 


Prop. IX. Fig. 57- 

I a great Circle zy N paſs thro? the 
Poles of Two great Circles x Q, 
10, and if p, x, the remoteſt Poles of 
theſe Circles be join'd by a right Line 
PN, about which PN as an Axis ſup- 
pole a Plan e Þ « N to move, the Arches 


KQ Do, of the Circles x G, Ho, in- 


lercepted betwixt PD x N and the Cir- 


cle 2 Ny ſhall be always equal, as al- 


lo the Arches of any Two Parallels « gy 
ho to theſe Circles. | For 
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For FO: NM PD =— N K and 1* 


o D = N being the Inclination of 


the Two Plans, therefore po == KA 


the ſame way 4 =. Q. E. LD. 


. Fig 58 


O make the Scale of natural 
Q 


Sines, Tangents, Secants, 

Semi-Tangents and Chords. 
Divide any Circle ADR E into Four 
Quadrants, and each Quadrant into 90 
tho' here we have only every 10* mark. 
1. It is plain that Lines drawn from 
each Degree of the Quadrant a» Lac 
the Radius, {hill mark the Sines of the 
ſeveral Arches on that Radius 
Ac, thus » x cuts off * 
n»fF—40% 80 CA is the Line of Siacs, 
2. Draw EU touching the Circle at 
E, Lines drawn thro' the Center C and 
every Degree of the Quadrant a E ſhall 
mark the Fangeats ot the ſeveral Arche 
on the Line Eu, and ſhall themiclves 
be Secants of theſe Arches, which Sc: 
cants, being tranſpoſed to c a produced, 
| | 5 . 


434. % 


1* | 


EH is the Line of Tangents. 
. Thro' p and each Degree of the 
Quadrant EB draw right Lines ; theſe 


| ſhall cut off the Tangents of * theſe 
Arches on the Line cs. 


So CB is the 
Line of Semi-Ta ngents. 

Draw DB; on o as a common 
Center with the Chords of the ſeveral 


Arches of the Quadrant p as Radii 
deſcribe Arches; 


Quadrant ps on the Line pn; ſo pn 


is the Line of Chords. 


Prop, XI. Probl. 
0 find the Poles of any Cir- 


cle 
1. The Poles and Center of the pri- 
mitive coincide. 

2. The Extremities of a Diameter 4 
to a right Circle are its Poles. 

z. r the Elevation of any oblique 


Circle, ſet off from the Center of the 


Primitive on the Line of Meaſures, 
{ine the Pole of that oblique Circle. 
R Prop. XII. 


- 
1 H—„—U— . 
82 
— 
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gives q « for the Line of Secants, and 


— 
—— 


theſe ſhall mark the 
Chords of the ſeveral Arches of the 


— 7: i rg re” a 
————— 


— 


3 
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Pa "op. XII. Prob.. 


0 hy 
Aion any Angle required. 


I. If the Center of the Primitive be 


ty 5 59, 


the angular Point the Caſe is the fame 


as in plain Angles. 


2. If the angular Point be i in the be. 
riphery of the Primitive as at a, thro' 
A and the Center Ek draw ac; on A and 
c as Centers with the Secant of the L. 


fought, ſtrike 2 Arches cutting one ano- 
ther at x, that is the Center of the 
Circle, and HAC the L* ſought, 

Let G be the angular Point, and 
the L* to be made by oblique Circles, 
that L*, as GN, ſhall be made by 
ſch. pr. 7. 


4. At a Point G in a right Circle 


DE GF, to make, * that Circle, an 
_ 1" of any Number of Degrees as 68“ 
Draw HEKLDF, bro K and 6 
draw K M, ſet off Ei M and 1L LDF 
cot. 68 anſwering to the Radius 6! 


upon L as a Center with the Radius 
LGC 


down on the Proje- 


| Spheric 9 'Y. | 2 


LG Jeſcribe a Circle; it is done. For 


LHGD — go? and NG H 22 then 


DGN = 68. 2 E. F. 
Drop. XII. Probl. Fig. Go. 
To draw a great Circle paſſing 


thro' a given Point P, and 


making any L* as HP = 505 


with the Primitive. 


Upon the Center E with the Tan- 
gent of the given L(trike an Arch; and 
upon the given Point v with the Secant 
of the ſame Angle ſtrike another Arch; 
their Point of Interſection 2 
is the Center and 2 the Ra- 


dius of the Circle ſought. Q. E. F. 
Pr. XIV. Probl. Fig. 61, 


To draw a great Circle paſſing 


thro' any Iwo Points F, 


2 within the Primitive. 


R 2 . Tho 


1. 
+ 
11 
Þ1 R 
4 l 
24 

* 
11 


F | 

1 

8 = 

1 ? 

1 

P 4 

f ] | 
1 + 


" 


* 
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Throꝰ either of the Points as r draw 


a Diameter Ar EC; croſs it at right 


ILwith the Diameter 5 p; join Rand 


draw B1LIFB and cutting Ac pro- 
duc'd at 1, that Point 1 is a 3d Point, 
through which the Circle muſt paſs. 


We have here only to prove that the 


Line H x joining the Points of Inter- 


ſect ion with the Primitive, is a Diane- 


ter, produce HEM 'til it meet the 


A 
3 —=EFX EI E Ba = E H xX 
E M, therefore EM = EL 
2 Ca. 


b. XV. Probl. Big 62, 
To. Ss a great Circle 1 to 


a given great Circle. 

Draw it thro? its Poles, 

1. If the oblique Circle a K c wal be 
n p a right Circle and paſs thro'a 
given Point &; thro? k and the Poles 
of BD, A,C, deſcribe a Circle. 

2. If the Perpendicular Ax c mull 


make a given L*wih the Primitive, as 1 
2 


Circle . then EN 1 


Sus K 


Center E, ſet off x x = tang. 


of the given L, or ſrom the » 1 Cor. 2. 
Pole A to x ſet off Ax Se- 

cant of that Angle, ſo x1s the Center. 
3. If to the great Circle AK C a 1. 
muſt be drawn fo as to paſs thro? a 
point v given in the Circle a Kc. T hro 


P, the Pole of Aa Kc, and 0 
deſcribe a Circle, and it is 5 
done. 


4. If the Perpendicular H _-_y 
= a given I. as of 62%, with the 


Primitive, tis done by 13th. 


Prop, XVI. Proll. 


"O meaſure any Arch of * 


great Circle. 


1. The Primitive is meaſur'd on the 


Line of Chords. 


2. Right Circles are meaſur'd on the | 


Line of Semi-Tangents. 

A Ruler laid thro? the Pole of any 
oblique Circle, and the Diviſions of the 
Primitive, cuts off the like Diviſions on 


the — Circle by _ Prop. XVII. 
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may on the right Circle Bd from the 


PR 4 oem 5 — 


— — — * 


1 
| 


| 
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Prop. XVII. Probl. Fig. 63, ſtance 


theſt 
To meaſure any Spherique Divil 
P Angle. Pole 


x. If the * Point be in the pe. hat 
riphery of the Primitive, the Diſtance leſſer 
of the Center of the oblique Circle 
- from that of the Primitive is 
the Tangent of the L. 

2. If the Angle is within the Primi- 
tive; the Arch of the Primitive inter. 
cepted bet wixt T wo Lines drawn from 
the Angular Point thro* the Poles of 
the Circles forming the L* is the mea- 
ſure of that Angle, ſo v and) being 
the Poles of the Circles A Lc, OL. 

the Arch 4 e is the Meaſure of the 1 
Arc. 


Prop. XVIII. Probl. I - 
T0 ee any Arch of 2 
lefler Circle. 


On the Center of the Primitive ak 


A Radi == 067 = Tangent of the Di. 2 
| ſtance | 
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ſtance of the leſſer Circle, from its fur- 
3. Itheſt Pole, deſcribe a Circle thro? the 
ue Diviſions of that Circle and the neareſt 
] ô pole of the Leſſer Circle, lay a Ruler 
e. that cuts off the like Diviſions of the 1 
leſſer Circle by gth 2 = 


ws it Project the Sphere on the Plan 
n. of the ſolfttial Colure, Fig. 65. 


[7 Ith the Chord of 60* deſcribe the n 

N Primitive, draw the Diameter "0 
ez. 17. repreſenting * the Equi- = l 

no noctia! Colure and Axis of the „“ gl 
us world. Draw the E 5 * 

„ | id. Draw the Equator 5. e. 4. | 

| 


DIG Io, from E ſet off s w =, 
 B=23* 3o join ws for the Ecliptick: Il 
On pp produced as a Line of Meaſures bi 
with a Radius = 66˙ 30 deſcribe the | 
by, Tropicks 1 S, tw on the fame Line of | 
2 Meaſures with a Radius = '23* 30 de- 
ſeribe the Polars A a, B; b, ſet off Eu = | 
rich $34 = Co-Lat. Ea", join H R for the 
Di- Horizon of Ea”. 
ance | 


5 Find 5 
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Find the Sun's Place in the Ecliptick, | A 
28 O, for any Time: Draw the Meri. . 
dian Pop cutting the Equator at x; of 50 
O is the Declination and & the right / 
Aſcenſion, draw DON "| EQ. Rn c 
the Semi-diurnal, and Ns the Semi- Ly 
nocturnal Arch; and vs the ortive 05 
Amplitude; for vo cuts the Hori = 
| Suppoſe the Sun's Altitude at amy T. 
Time of the Day, his Place being 0, off the 
be 39 let off un — 39% Draw cri e, 
KR cutting DON ate; the Arch pet 
reduced to 7 5 gives. the Hour from ein 
12, and drawing z x thro? 2, . the „ 
Poles of the Horizon and , cutting 5 
HR at m, R M is the Sun's Azimuth. gen 


bore an the Plen, of l Fil ©; 
nac Colu ne. Fig. 60 | 


1 He Primitive, Equator, Tropick 
and Polars are drawn as before 
pp repreſents the ſolſtitial Colure and 
| js Aus 


1* Fear the ſeveral Circles of th at 
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ich Axis of the World on y = 1 
ert- produced, ſet off 66˙ 30“; he 
; you have the Center of the Ecliptick 
git Ep Q ; on the ſame yp, ſer off *56* ſo 
vou have the Center of QE the Ho- 
""Þ rizon of Ea": ſuppoſe the Sun's Place, 
e October 20, ro be w8* that is 38* from 
9 _ neareſt Equinoctial Point, ſet off 
BB qo y=38* and lay a Ruler thro' j and 
— 5 hs Pole of the Ecliptick, that cuts 
J "Nl the Ecliptick at othe Sun's Place: Draw 
* pop cutting the Equator at &, ſo = & 
DF is the right Aſcenſion, and o x the De- 
= _ thro' o and æ, the Pole of 
4 „ lay a Ruler that cuts off Cm = 
% De dinarice « ; the Point where a Tan- 
gent drawn thro” , cuts Pp produced 
is the Center of the Parallel of Decli- 
tl nation mon, which cuts the Horizon 
Pat „ o, ſo 8 is the full diurnal Arch, 
and © x the ortive or r occidual Amplis 
60, tude. 
icks 
fore 2 
and | 
Axi 8 i 
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"Ty 8 tbe Sphere on the Plan f 


the Horizon of Edinb* Lat. 56. 
Fig. 67. 


Das the North and South Line 


NS Tu E the prime vertical; the 


Equator being elevated above the pri- 


mitive 34“ the North Semi-Circle of 


the Eciiptick 57 30 and the South 


10* 30 arè eaſily drawn, and 
= are here repreſented by u Qt, 
USE, u WE; the Point S is 


one Extremity of the Diameter of the 


Tropic of S, from ZON ZN produced, 


ſet off 3 100 30 (zT == 34+ 


60® 30 ') that gives the other Extremi- 


ty of its Diameter. So 1 8 is eaſily 


drawn - The fame way is the Tropick 
of Capricorn drawn. 

Let the Sun's Place be 8* > find © his 
Place in the Ecliptick. Draw 


1 


. POx cutting the Equator at 
EB x, lo Ox is The Declinat ion, 
and v the right Aſcenſion. Draw the 


Paralle lot Declination D OE, fo is 0 
the 


858 G 5. 


the Semi-diurnal Arch, s the Meridian 
Altitude, and p the ortive or occidual 
Amplitude. Take : *Co-Altitude tor a 


Radios, and on 2 as a Center, ſtrike an 
Arch cutting D OE at g, ſo is g) the 
Hour from 12, and cs the Azimuth 
from South. 


By Means of this project ion plain 
Dialing may be perform 'd, for the Hour- 


Lines being nothing elſe but the com- 


mon Sections of the Hour-Circles with 
the Dial-Plans; having in this Proje- 
ion deſcrib'd the Hour-Circles and 
the Circle of the Sphere 'to which the 


Plan i is Parallel, their common Sections 
* the Hour-Diſtances, ; 


TL To make a Hana Dial. 
WET. Fig. 68. 
He common Sections of the Hour- 


Circles with the Horizon cut off 


the Hour-Diſtances N 1, N 2, N 3, Cc. 


from N s the Nee or Line of 


I2, 


$2 | By 
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By Calcul. In the Spherique K NI 


right angled at x; L*Nv1—15* the 


Hour- Diſtance on the Equator, xy 


Lat. and R. NP:: NPI. NI. i. e. R. 
Lat.: Hour-Diſtance on the * 
ch. d. on Horizon. | | 


: IL, 'To make a dre ered? vertical 


Dhl, 


Circles with 6 2 6: the prime ver- 

| tical, cut off za, 2b, æc, &c. the Hour- 

Diſtances from xs the Line of 12. 
Calcul. In the Yz a right angled 


at ⁊ the Lz A 15 and eZ — C0: 


lat. and R. 5 Z:: Z Pa. BS ay 


U, * make an ered declining - ver- 
tical Dial, declining Juppeſe from 
South N. eftrward 29 


Gi: off 64 = 25?, join pd that is 


* the declining Circle; draw 2221 


p a, ſo 27 2, are the Poles of D 4 join 


22.2 cuttipg 1 nd alt; 2P2 is the ſub- 


 Rilar 


He common Sections of the ey 
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1 Icilar, vi the Elevation of the Stile, and 
he I the Diſtance. of the ſubſtilar from 
— ide Meridian, the Arches æ p, 24, 27, 
R. BOG give the Forenoon mn 
Ir, Bo. 
| Calcul. In the Triangle pi right 
angled at 1. pz — Co-Lat. and L*pz# 


al Co- Decl. and R. P . PI. 
ei ele. Stile. N OB .f. 
. aN: : 8. 1 iK e2g.P.4.7 

r- Diſt. Subſtil. from Mer. 

or- 3. 4% %% . in f om —PS 

i- 115˙ 1. and 


4 R. PI: p. wy Oc. 


Iv. To make a declining inclnin 
vertical Dial, dect, 25% incl. 40“. 
Fig. 69. 
SEE. off 64 = 25% join p a, draw 
D* d, fo as rhe L. 24 So 
Dxd repreſents the inclining declining 
Plan, whoſe Pole is ), 2 2 2 the Per- 
pendicular to the Plan, ax the Diſtance _ 
of the Perpendicular from the Line of 


12 55m Is the Subſtilar, 2 * it 
1 Diſtance 
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Diſtance from 12, and xm its Diſtance 
from the Perpendicular. 4s is the Co- 
Declination, 4b, ac, ae, Cc. are the 
Hour - Diſtances from 12, and xa, xb, 
Cc. the Hour- Diſtances from the per. 


pendicular, —- 
: . an Pam 
ata 


5 r. 4. 


90 — da=a Diſt. Line 12 from per. 


In Pa m. R. PA:: Pam. pm elev. Stile 
n. R.: 2 ar Diſt. Subſt. Mer. 


pm. R:: m. 4p m. Incl. Mei. 


In „p b. R. m:: mn p b. 


(mpaapb) mb, . for the Hour, 


DIGanGES, 


„ 


1e 


The Analemma: 
on 5 


Orthographick Proje- | 


ion of the Sphere. 


** Fig. 70. 
Pp ; (HIS projection ſuppoſes the 


Eye in the Axis of the Pri- 


mitive, and at an infinite Di- 


tance; So that all right Circles, whether 
leer or greater, are projected into right 
Lines, and are meaſur'd on the Line of 


dines. 


Let the Primitive be the ſolſtitial 
Colure EQ the Equator, pp its Axis, 
ct, the Ecliptick, , L w the Tro- 


picks AR, NT, the Polars; on the Eclt- 
ptick, ſet off VN — zo (the Sun's Longi- 


tude Apr. 11) draw N OR cutting 
the Horizon Hr at s; ſo mo is the Parallel 


of 
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3% _ 
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of Declination m2 q — Vd the Declina 


the Semi- nocturnal, & 4 the right Al. 
cenſion; & 5 the Aſcenſional Difference; 
s f the Diſtance from Due Eaſt or Weſt 


tude. {+= - 
Suppoſe H x the Altitude, draw x 
Ir, cutting 22 the prime vertical at 
e, the || of Declination 20 at © and the 


* 1 due Eaſt or Weſt; and vs his Ampli- 


7 
al re mart: 
<<; 


\ Sun's Place in the Analemma at that 
Time; d the Sun's Diſtance from 6; 
60 his Diſtance from Eaſt or Welt, and 
oy his Azimuth from North 

To reduce any Arch of a leſſer Circle 
as 4s to the like Arch of a greater. 

Draw v o, join Si,, tis plain 
that do. o:: d. i. 28 


RRR o Or R 
e e EEE rn eee eee Sag Aſs. wart 


tion; 22s the Semi-diurnal Arch, s fff. 


1 when riſing; Yf his Altitude when 


Circle of 6, pp at , then {hall be the] . 


1 — EET YR IR. oY. ES. Kt 2 5 5 2 a : 
PE _—_— — — 


WW RT: x 


3 


Applying the Doctrine of plain 

FTriangles to taking Heights 

and Diſtances, and to Plain 
and Mercator Sailing. 

W WAVING already illuſtrated 
the Doctrine of Spheric 
Triangles in the Solution 
a of the Problems of the 
Sphere by Calculation; we ſhall now 
apply plain Trigonometry to the taking 


of Heights and Diſtances, and to plain 


and mercator Sailing. | 

In order to our laying down on Paper 
the Triangles to be ſolved; we mult firſt 
have a Line of Chords, which is alrea⸗ 
dy explain'd. — 


<_ 
2 5 ; 


E | 2. A 


Tens, G. a Line Divided in this Sort 
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2. A Line of equal Parts as 4, 
 ____ where, if the Diviſions from c 
8. 72% toBbe Units, then thoſe from 
c to A ſhall be Tens; but if the Divi- 
ſions betwixt c and A be reckoned Hun- 
dreds, then theſe from c to 5 ſhall be 


Sailors call 2 Line of Leagues. 
Draw ed LAB, and divide it into 
10 equal Parts, through the ſeveral Di. 
viſions draw Lines || a Bs and complete 
the rectangle AB GF, divide FG 28 
AB is divided; from c to the firſt Di- N. 
viſion in 40 draw ce, and through 
each Diviſion in B draw Lines paral- 
lel to ce, theſe ſhall cut off the Units on 
the parallel Lines & r, /2, Cc. for 10. 
10e 99 ꝗ¶ 9. 9. Oo: 
A Quadrant is the 4th Part of a Circle 
+ -, D divided into its 90, and 
„ 73. furniſhed with Sights 2, o, and 
a Plum. Line L G fixt to the Center L 


In looking thro? the Sights of the Qua- V 
drant to any Height the L*x LG (= ] 
Arch « & cut off by the Plum Line 16) 
is equal to the L* a Dr form'd by TY Bay 


APPENDIX mp 
Lays from the Eye to the Height, one 
othe Top of the Height, the other pa- 
alel to the Horizon. Draw the Ho- 
zontal Line ML E the Plummet & fal- 
ing perpendicular to the Horizon ML G 
90 =DLK and MLD (=ALE) = 
LG—DLG=DLK—DLG=GLK, 
A Graphometer is a Semi- Circele 
$3 divided into 1800. It has Two ge T4: 
Sights x, , on its Diameter & other Two 
Z, on a Ruler that moves on its Cen- 
er c. It is plain, that (the Grapho- 
neter being ſo placed that any Point n 
s ſeen thro' the Sights o, x, and the 
ral. WRuler being ſo placed, that any other 
- on Point A may be ſeen thro' the Sights E, 
10, ,) the Arch x Þ is the Meaſure of the 


Angle A C B. 
cle] | On 
a Proll. IJ. pig 73 
5 To take any acceſſible Height AB 
8 | | on a Horizontal Plan. | , 
55 IN the ,” A D right angled at x, 
6) FD=NB may be meaſur'd; L* 


vo p and conſequently ? APD is known 
Vi 3 and 
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RE and FAD. F D*: 1 DA. PA 
Trig. © Oo. 9 *ADF. AF, APA. 
b2.P.3 Fs the Obſervator's Heigh 
_ Trig, 4 --- 


Proll. I Fig, g. 75, 


, To take any Mace ſible Height AB, | 


er any Part of an innacceſſitl 


Heigbt as AC. or CB. 
: A — Station p take the Angle: 
2 ADB, CDs; retire to any Dt 
ſtance DE take the Angle AED. 80 
the Angles k A p, DAB, BCD, ED 
DCA are known and 
EAP. ED: : E. AD 
R. AD*; ADB. AB, 
A Cp. Ab-: APD C. AC. 
AB—AC=CB | 


5 Prad. III. Pig. 
Io find the Diſtance of Two 2 


A. B. of which one A is acceſſible. 


Place your Graphometer at c, and 
take the Angle A CB, find _ 
wie 
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Jvwiſe the L* cas then L s is known, 


meafure A c. S % Ae: Te 4m 
2. E. F. 5 | 


Probl. IV. Fig, 77, 
To find the Diſtauce of Iwo Places 
A, B, both maccaſſible. 


| Ce any Two Stations o, p mea- 


ſure their Diſtance c p; with 
your Graphometer, take the , , 
Angles A CB, ACD, DA, Try. Y 
zo Cc; the Angles BCD, * 3- P. 3. 
c Db, An c, CAD are ** 
known | 
In the a* x £0. amend. DC. BC 
In the a“ Ac D. CAD. o:: ADC. AC | 
In the a Ac B. BCS ACA. BG 6 


CAB CBA. CAB CA. 
So the Angles CAB, CBA are eaſily 
known. In the A CB. ABC. AC:: 
Aen. AB, ©. EB. © 
The ſenſible Horizon nit 4 


Circle whoſe Plan is the Field on which 


we ſtand, or the Surface of the Sea 
expos'd to our View when at Sea, and 
therefore 


180 DIA. 
therefore Sailors conſidering no more 
of this Earth but what they ſee have 
repreſented the Surface of this Earth, 
as a Plan on which they ſupp3ſe all the 

Meridians to be parallel Lines, and the 
Parallels of Declination other Parallel 


Lines croſſing the Meridians at right 


Angles, they divide both the Meridians 
and Parallels of Declination into equal 


Parts, and theſe equal Diviſions on the 


Meridians repreſent the Degrees of La- 
titude, and the like Diviſions on the 
Parallels of Declination repreſent the 
Degrees of Longitude; the Rectangle 
form'd by theſe Meridians and Paral- 


lels thus drawn they call the Plain Chart, 


ia which 'tis plain the Degrees of Lon- 


U 


Grand Erro. | 


gitude upon all Parallels are equal, a 


Fig. 2.6, 


is divided into 3 zequal Parts orRumbs,& 
its plain theſe Diviſions point out the like 
Diviſions on the ſenſible Horizon, and 


therefore the Meridian Line being 


known by the Needle, the Point of the 


Compaſs 


The Sea Compaſs is a Circle 
parallel to the ſenſible Horizon, & 


o. 
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Compaſs on which the Ship ſteers, that 


zs the Angle that the Ship's Way makes 


with the Meridian, is eaſily known by 
reckoning 115 15 to one Point. 
The Ship Sailing to any Di- „ 8. 
ſtance dy upon any Point of the © 
Compaſs as ssx if from e to Ns, the Meri- 


| dian of the Place at which you ſet Sail, a 


Perpendicular be drawn; there ſhall be 
form'd a right angled NS in which 
the L*N is the Courſe; N the Ship's 
Way or Diſtance run; Ns the Difference 


or Change of Latitude; ps the Depar- 


ture: In that A*, the Courſe and Di- 
ſtance run being given, the Difference 


of Latitude and Departure are eaſily 


- 


found by* plain Trig. For R. NP:: P. 


N TT 5 
Drawing a Line equal to the Chord 
of 9o* that Line ſhall repreſent 8 Points 
of the Compaſs, and taking from the 


Line of Chords the Degrees anſwering 
do the ſeveral Points and Quarter Points 
and ſetting of the Chords of theſe De- 
grees on the Line of 8 Points, you ſhall 


have 


152 APPENDIX. 


habe made a Line of Rumbs, by the 


05 Help of which Line, and the Line of 
cqual Parts, called the Line of Leagues, 
the Triangle may be deſcrib d thus: 


Suppoſe we faild ss E 240 


: 3; . 7e Fa 5 : 
79 Leagues,draw Ns repreſenting the 
Meridian of the Place at which you {et 


Sail;upon the Center with the Chord 
of 60% ſtrike an Arch o: from theLine of 
Rumbs, take of Two Points equal to sss, 


Fer that from m to p, from the Line of 


Leagues take 240, with that Diſtance 


upon the Center N, ſtrike an Arch Ep, 


join vp and continue it to p, draw ps 
AN s, ſo Ns 1s the Difference of Lati- 
tude, and vs the Departure in Leagues 
meaſur'd on the Line of Leagues. 
The ſame may be done by the Tables 
of Latitude and Departure thus: Find 


the Diſtance run in the Margin on the 


teft Hand, and the Courſe on the Top 


or Foot of the Page tracing both, you 


ſhall at the Point of Concourſe find the 
Difference of Latitude and the Depar- 


ture: 


15 
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To ſet off any Courſe. Fig. 80. | 


Dean, Ns at Pleaſure, repreſenting 
the Meridian of the Place at 


which you ſet Sail, in it take any Point 
J i for the Place it ſelf; thro! A draw 


wELINS, 'tis plain that, making N 
North, s ſhall be South, E Eaſt and w 
Weſt, 'tis plain too that all the Points 
that are compounded of South and Eaſt 


ſhall fall betwixt s and E, and all com- 


pounded of South and Weſt betwixt s 


and w, Fc. 


To drawa Traverſe. 
Jv a Line repreſenting the Me- 
ridian of the Place where you ſet 
dil at firſt, and ſet off the firſt Courſe 
and Diſtance; parallel to your firſt Me- 
ridian draw the Meridian of the Ship's 
Place at the Beginning of the 2d Courſe, 


| kt off the 2d Courſe as before, and fo 


on for 3d, 4th, &c. A Line joining 
the Points where you at fir(t ſer Sail, 
80 | U ns 


ho 
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and the Ship's Place at the End of the 
laſt Courſe gives the bearing of the 2 
Places, and letting fall a Perpendicular 
to the firſt Meridian, that J gives the 


Departure, and cuts off from the Me. 


ridian the Difference of Latitude. 


Example. Fig. 81. 


Sa i'd from London 1n N. Latitude 


51 30 SSE = E 220 Leagues. Thence |} 
Sby EE 180 Leagues, thence s by w 


310 Leagues, thence N E 140, thence 8 
by E 200 Leagues. 
Or otherwiſe by the Traverſe T able 


thus. For each Courſe and Diſtance find 


the Difference of Latitude and Depar- 
ture by the Tables, the Difference be- 
twixt the Sum of all the Latitudes 
Northward, and the Sum of all the La- 
titudes Southward gives the Difference 
of Latitude toward the Part of the 
greater Latitude. The ſame way the 
Difference betwixt the Eaſt and Welt 


Departures gives the Departure toward 
the Part of the greater. 
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the Points] Courſe. Diſtance, | | Difference Leitud. Departure, © 

f 2 8 9 5 {$0 UTH, NORT.| EAST. WEST. | 

nar A eee e 1 wo ! 

the Þ [2+'s582e[220]188. 7 113. 

Me- 1 SET E 180 172. 33 J 52. 24 | 

| cen 310304. {| {605 

81. (4 8 140 {99.0} 99. 

ade 1 'sbx 200196. 2 39. o 

ne... r 

* 861.2] 03.2 

e 8 99.% | 60. | 

- | | „ 5 | 

ble 7028 — 

find . : 

Jaſ- To reduce Leagues to Degrees of Lat, 

= Ivide by 20,the Quot gives Degrees, 

La. | the Renainder multiply'd by 
gives Minutes. — 

nce . 

the 5 155 70 

the To reduce Miles to Degrees. 

ha Dvide by 60, the Quot gives De- 

2 grees, the Remainder Minutes. 


nts 


7 


U 2 


* 
Nn K 2 9 Ju 1 . dy 
n — — n — —— 5 — — TIT 
. 4 _ K 3 e . 7 ISSN 
' t n 
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To ind how many Miles anſwer 


Fig. 83. 


to 1* of any Parallel of Latitude, 


ſuppoſing bo Miles to anſwer to l 


of the Equator, ſay as R. 60: 
o Latitude, Number of Miles an. 


ſwer ing t 1˙ of the Parallel of | | 


| that Latitude. Fig. $2, 


Pr making D BC the Equator, whoſe 
X Radius as, and 4% the|| of La- 
titude, whoſe Radius A “, mak ing Bc | 


1 of the Equator, ttis plain, Circles 
being ſimilar Figures, 6c is 1 of the 


of Latitude, and AB. BC:: Ab. vs 


7.0. R. 60:; Ab. bc — 1* of the || of 


Latitude, but a6 is = Latitude : 


For making exp the Meridian, Ed che 
Dia meterof the Equator, &la the 
Diameter of any|of Latitude, tis 
plain Je the Radius of that is the 


Sine of Iy the Co-Latitude. Ergo, Cs. 


Hence, the Parallels of Latitude de- 
creaſe in the Ratio of the Radius to- 
Latitude. . | 


The 


 APPENDEX 

The Parallels of Latitude reckon'd 
from the Pole toward the Equator in- 
ceaſe in the Ratio of the © Latitude. 
to the Radius that is ( by 11th Prop. 
Part I. Trig.) in the Ratio of the Radius 
tothe Secant of the Latitude, There- 
fore Mr. Wright, conſidering the Error 


ia the plain Chart,where the Degrees of 


Longitude are made equal in all Lati- 
tudes,has corrected the Sea-Chart thus: 
He allows the Merid ians to be || {till,and 


J conſequently the Degrees of Longitude 
to be every where equal as the Degrees 


of Latitude are on the Natural Globe, 


but he augments theDegrees of Latitude 


on the Sea-Chart in the ſame Ratio that 
the Degrees of Longitude 1ncreaſe on 
the natural Globe, reckoning from the 
Pole towards the Equator, to wit, in 
the Ratio of the Radius to the Secant 
of the Latitude, and theſe ſeveral De- 


grees of Latitude he expreſſes in Parts, 


of which 1* of Longitude contains a 
certain Number, ſuppoſe 60, he cal- 


culates Tables of theſe Degrees, Which 


he calls Tables of Meridiazal Parts. 


To 


* 
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Io find the Meridional Parts anſwe. 
ing ta any Difference of Latituds 


I. FF the Latitude be reckon'd from 
the Equator North or South, Er; 
you'll find the Meridianal Parts an. 
 ſwering to it in the Tables. 
II. If both Latitudes be on the ſame Itbe 
Side of the Equator, the Meridianal Ncha 
Parts anſwering to the greater Lati- ! 
_ tude — thoſe of the leſſer Latitude give I“. 
1 the Meridianal Parts of the Difference Y 2 
of Latitude. 5 -W 1 


| III. If the Two Latitudes be toward ( 
= contrary Parts, viz. one North and the 


1 other South, the Sum of their Meri. P 
0 dianal Parts gives the Meridianal Parts 


of the Difference of Latitude. wo) 
1. To fond the Ship's Place on the = 


Mercator-Chart, the Courſe and NI 
: Diſtance peing grven, ſuppoſe 4 Lon 


S810 
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Ship Sails SS 240 Leagues 
fr om N. Latitude 5 I”, 30. Fig. 84. 


_ Raw the A* AB c as directed in the 


plain Chart, find a s the Diffe- 
rence of Latitude in Degrees, find the 
Meridianal Parts an{wering to that 
uth, Nifference of Latitude, ſet off theſe Parts 


rom 


alle 
the Lo E at x, ſo the Point E {hall be 
ame the Ship's true Place in the Mercator 
anal Cart. N Ne, 
At- _— . * 

ive Ia. Both Latitudes of T'wo Places 
nc A, C, and their Difference of 

| Longitude being given, to fd the 


"he J. Courſe and Diſtance, Fig. 85. 
eri- P the Triangle abc. Ab repreſents 
arts tbe proper diff. Lat. c the Depar- 


ture, ac the Diſtance, L a the Courſe, 
ad a cb its Complement. 
In the Triangle a Bc. as is the 
he eridia nal Difference of Lat. » C the 
F Longitude, LAC the Courſe, and 
aud lee its Complement, Reduce Diff. 
Long. 3 c to Miles or Minutes. 
5 AB, 


from A to p continue A c till it meet 


— —— oWU———— — ᷣ — can —— — — ener ers — — 
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: * „ 
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A B. R:: BC. 4 the Courſe, reduce 


Ah to Miles or Minutes, then 460. 


4b :: R. Ac the Diſtance. 


3. Both Latitudes and the Courſe given, 


to find the Diſt, and Diff. of Long. 
Ac b. ab:; R. Ac the Diſtance. 
R. A3: : A. 53 C the Diff. Long. 
4. Both Latitudes and the Diſtance given, 
to find the Courſe and Diff. of Long it. 
At. Kr: Al. © A. the Courſe. 
RK. AB:: A. B C. the Diff Long. 


5 . One Latitude, the Courſe and Difference of Longitude 


given, to ſind the other Latitude and Diſtance. 
A. B C:: AC B. AB the Meridianal Diff. 0 
Latitude, ſo the other Latitude is eaſily found, and 


conſequently the proper Difference of Latitude A“. 85 


„dae, e dhe Diſtance. 

If theſe Caſes be well underſtood, any other that 
can be propoſed will be very eaſy. 
For oblique Sailing, the Two following Examples ſhall 

uffice, „ 5 „ 
N = Ships fail from the ſame Port A, one fails 
NE 120Miles to B, the other NNW 188 Miles 
to C. I demand their Diſtance, and the bearing of 
both Ships from each other. | : 
II. Two Iſlands K, M, have the ſame Longitude, 
and are diſtant 38 Miles; a Third Iſland L is di. 
ſtant from M 60 and from K 80 Miles. I demand 
the bearing of L from M and K. a 
The Problems already laid down ſuſſiciently i- 
luſtrate the Doctrine of plain Triangles, which was 
— all propoſed. | „„ 
5 | „„ 
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